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Figure 1: Picture made by CeesBassa,now a graduate studert at our institute. This pho-
tograph depicts the courseof events during the total solar eclipseof June 21, 2001 as seen
from Zambia. It consistsof 10 separateexposureson one piece of Im, with a time interval
of 20 minutes betweenexposures. The rst 5, starting with the upper right image, and last 4
exposureswere taken through a solar Iter. The 6th exposure,howewer, was taken without a
Iter and recordedthe total eclipsedsun with its brilliant corona. This exposure also shows
the sky, the foreground and the planet Jupiter, which is visible just left of the 7th exposure.
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Chapter 1

Research

1.1 Solar Astronom vy

The theoretically oriented researt concerrated during the report period on the stability
and instabilities of solar prominencesand the structure of the corona and solar wind, with
the realization of the Versatile Advection Code delivering an important assetfor current and
future numerical MHD modelling worldwide. Details below.

The Utrecht solar astronomy group leadsa Europe-wide EC-funded collaboration, during the
past four years constituting the \Europ ean Solar Magnetometry Network™ and during the
coming four years constituting the \Europ ean Solar Magnetism Network" In addition, the
group has manageda NATO grant and preserlly managesan INT AS grant for collaboration
with former Soviet Union groups.

On June 16, 1999 Emeritus ProfessorCornelis (\Kees") Zwaan died from cancerat the age
of 70. His publication record is modest but his impact on solar astronomy has been very
large, through his dozen pupils spread over the world and his frequert inspiration of others
acrossa wide range of subjects | his citation record ranks as one of the very highestin all
solar astrononmy. He held the JamesArth ur Prize, started the Solar Physics Section of the
EuropeanPhysical Scciety (now jointly of the EuropeanAstronomical Scciety), waschairman
of the Europeanworking group which selectedthe Canary Islands asthe premier site for solar
obsenations in Europe, and spent much e ort on integrating astrophysics into the physics
curriculum of the Dutch high schools. He spert his last year, while already ill, completing a
monograph\Solar and Stellar Magnetic Activit y* Various of the papersco-authoredby Zwaan
during the report period appearedposthumously. The DOT project, the DOT researt area,
and various lecture coursesremain a Zwaan legacyat the SIU. His corresppndenceand other
documernts have beenarchived at the Rijksarchiefdienst Noord-Holland.

Chromospheric  Oscillations

A breakthrough in our understanding of chromosphericdynamics camein 1997with the de -
nite proof (by Carlssonand Stein through numerical simulation of data of Rutten and cowork-
ers) that the so-calledCall Hyy and Koy grains, an enigma sincetheir rst obsenation by
Hale and Ellerman in 1904, are due to weak acoustic shocks that propagate upward in the
low solar chromosphere. An important corollary of this identi cation is that the low chromo-
sphereis likely to be cool betweenthe intermittent shock spikes,without the \chromospheric”
temperature rise that had cometo de ne its onset. Its structure is intrinsically dynamic, with
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Figure 1.1: Comparison between simultaneously measuredCall H,y brightness modulation
and apparert magnetic ux density Bapp in the solar photosphere. The upper map at left
shaws Hpy brightness; the lower map the corresponding B app. The secondcolumn displays
Hov and Bapp ewolution for the slit position in the lefthand panels. The bright Call Hay
grain at y = 57 arcsecalong the slit occursat t = 37 min in the H,y space-timechart. The
outlined internetwork sub-areais enlargedin the righthand column, with the brightest Hyy
events bracketed. The brackets are overlaid on the B opp enlargemen. Comparison with the
Bapp Modulation shavs absenceof obvious spatio-temporal correspondence.



Figure 1.2: Time delay charts of the spatial corresppndencebetween high Call K and G-
band Fourier amplitude and granulation morphology. The cortours specify the amount of
alignmen betweendark intergranular lanesin 15-min averagedG-band imageswith the pres-
ence of high Fourier amplitude in G-band (left) and Call K (right) brightness as function
of temporal frequency speci ed along the horizontal axes. High power meansover twice the
average value. Vertical: time delay t between 15-min data segmers, positive when the
granulation morphology is sampled after the Fourier amplitude. The rst panel shows that
dark intergranular lanes causerelatively strong Fourier modulation in the photosphere (G
band) for frequenciesaround 7 mHz (periodicities 2{3 min). The secondpanel shaws that
this overdoseof high-frequencymodulation doesnot penetrate to the overlying chromosphere
assampledin Call K brightness. Data from the Swedish Vacuum Solar Telesco.
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Figure 1.3: Two-dimensional (1700 1600) phase-di erence spectrum from co-spatial and
co-temporal image sequenceswvith passbandscertered at = 1700A and at = 1600 A,
respectively, taken with the TRA CE satellite. Axes: horizontal wavenumber ki, and temporal
frequency f . The corresponding wavelengths and periodicities are speci ed along the top
and at right. Greyscale: phase di erence between brightness modulations in the two
passbands,with phase angle coding as indicated at the top. The bright \pseudo" ridges
above f = 5 mHz are not due to global solar p-modes but mark outward propagation of
waves that underwent one re ection below the solar surface. The dark wedge of negative
phasedi erence in the lower part of the diagram indicates domination by internal gravity
waves.



the notion of a \mean" state as used as paradigm in standard stellar-atmosphere modeling

erroneousand highly misleading.

This important result has causedmuch cortroversy, in particular concerningthe issuewhere
the acoustic shocks occur, i.e., whether there are speci ¢ locations in the solar photosphere
that generatelarge acoustic amplitude in the overlying chromosphere. We have addressed
this question using ultraviolet spectrometry with the NRL HRTS rocket spectrometer from

Swedish Vacuum Solar Telescog image sequences,

from spectropolarimetry with the HAO/NSO Advanced StokesPolarimeter and using seeing-
free ultraviolet image sequence$rom the TRA CE satellite Figures 1.1{1.3 illustrate the main

points. The rst question waswhether Call Hy, and Koy grains occur at sites of enhanced
internetwork elds, a connection which has has often been claimed but was repudiated in

as illustrated in Figure 1.1 { at least down to the level of Advanced Stokes Polarimeter

sensitivity. The next candidate for internetwork grain excitation consistedof speci c sitesin

the solar granulation, in particular \collapsar" sites marking strong down o ws at the solar
surfacewhich are believed to excite the global solar oscillations as\acoustic ux ewerns" (i.e.,

being the ngers that drum up the p-modesto the benet of helioseismology). Hoekzema's
ingenious Fourier correlation analysescon rmed that sud acoustic excitation sites exist, but

with only a weak link to chromospheric grain formation (Figure 1.2). Finally, our detailed
Fourier analysis of ultraviolet image sequencedrom TRA CE has shawn that next to acoustic
oscillations, internal gravity wavesexist in profusion in the low solar chromosphereand share
in the grain excitation and localization seeFigure 1.3).

Higher up in the solar atmosphere,the sameoscillations that causeH,, and Ky, grainsin

Call K ltergram sequencesan be studied through ultraviolet spectrometry which permits
Dopplershift determination. The initial studies of this type were basedon older UVSP data
from the Solar Maximum Mission and on HRTS rocket data indicating that at larger height

the simple picture of upward propagating shock trains is insu cien t to explain the obsened
complexity. This was proven in subsequeh analysesusing the ultraviolet CDS and SUMER

spectrometerson SOHO.

Magnetic Patterns

The complexity of the patterns with which magnetic elds appear on the solar surface,from
the small ephemeralregionswhich build up the quiet-Sun network to whole active regionsand
long-lived activity complexesand nestswhere a key reasonfor C. Zwaan to suggestthe open
telescope which later becamethe DOT project. His 1996 paper is a good example. Some
of the later Zwaan-co-authored papers addressedactive region patterning The rst DOT
papers addressingmagnetic pattern and ne structure have appearedin the meartime but
most precursor work on thesetopics has used data from elsewhere.In her thesis work, Ha-
genaarinitially usedlong-duration Call K Itergram sequencedaken at the South Pole (no
nights there in the austral summer) but later changedto even longer-duration magnetogram
sequencedrom MDI onboard SOHO when these becameavailable, in order to analysethe
patterns and the pattern ewolution of the magnetic network The most intriguing result is that
the quiet-Sun magnetic network is completely replenishedby newly emerged eld ewery few
days, meaningthat not the spectacular active regions,replete with sunspots and even mighty
ares, but the comparatively quiescem badkground pattern is the key agen through which
the solar cycle operates. A more recert analysis of image sequencesrom TRA CE has showvn
that the migration of magnetic ux from quasi-random emergencesites to the quasi-cellular
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network pattern is well explained by the obsened corvective o ws over the solar surface.

Prominences

Kup erus worked on prominences(or laments, the samething but when seenon the disk
rather than o -lim b). They remain a phenomenonof solar activity supplying rich enigma.
The complex magnetic topology which enablesa prominenceto contain cool gaswithin the
hot coronafor much longer durations than the actually obsened dynamical variations and the
continuous footpoint forcing by corvective o ws conmbine into making prominencesunsolved
puzzlesof solar MHD. Nevertheless, progresswas booked both in understanding the basic
geometry and in studies of prominence stability and oscillations.

1 The dynamical nature of solar prominences
The dynamical nature of solar prominencesis studied departing from the fundamertal
fact that the photosphereis an inert boundary and hencestrongly in uencing the sta-
bility of the overlying structures. Any dynamical description hasto include the e ect of
retardation due to the Alfven crossingtime betweenthe photosphereand the lament.
There are preserily two basic prominence models: The Normal Polarity (NP) model
and the InversePolarity (IP) model. Thesetwo models were comparedwith respect to
their oscillatory behaviour.
IP prominencesare particularly sensitive to the retardation e ect and may becomeun-
stable which is not found for the NP type.
Under certain conditions it is easyto excite v e minute oscillationsin IP prominences.
This study shows that the IP prominence model adequately describes the obsened
magnetic eld direction perpendicular to the spline as well as the obsened oscillatory
character.
It was also demonstrated that oscillations of laments can be excited if they are em-
beddedin a dynamically expanding coronadue to an instability much like the so-called
galopping instabilit y.
The damping was demonstrated to be mainly becauseof the emissionof Alfv en waves.
This "radiation damping" limits the amplitude. In caesthe exciting forces overcome
this damping the Inverse Polarity type prominence becomesexplosively unstable and
lifts of resulting in a coronal massejection.

2 Electrodynamic coupling of the solar corona

Electrodynamic coupling is the basic mecanism of the heating and expansion of the
solar corona which a magnetically dominated plasma. It was found that the coronal
luminosity is a direct measureof the magnetic energy content of the photosphere. In
order to apply this result to other stars the so called "magnetic activity number was
introduced. This number is the ratio of the coronal luminosity and the photospheric
luminosity. In the solar casethis number is very small ( 1/100000) but in hard X ray
stellar sourcescan be much larger. In black hole accretion disksit could be closeto one
indicating that thesedisks have magnetic elds closeto the equipartition value.

3 Magnetic reconnectionin the solar corona
The resear® was done in cooperation with Dr. Bert van den Oord as postdoc, Drs.
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Nick Sdwtgens and Drs. Mandy Hagenaaras Ph.D. students and the undergraduate
students Peter Bozarov, Elfred Bus and Mark Oppe.

Magnetic reconnectionplays a fundamertal role in reorganizing stressedmagnetic elds

in the solar corona. Reconnectionis also an energy liberating medanism resulting

in heating and expanding motions. An outstanding problem in prominenceis the so-
called\double inversepolarity paradigm", which statesthat not only the perpendicular

componert is inverseto what is expected but also the componert along the spline of

the prominenceis inverse. It was shownn that this chirality problem can be solved if the

magnetic eld on both sidesof the neutral line is discretized instead of homogeneously
spread. For this to happen magnetic reconnection on various scalesand in dierent

phasesof the lament ewlution are necessary

A study on the e ects of reconnectionin the solar coronaon the formation of eld lines
connecting very remote footpoints thus forming a strong componert along the spline
showing the correct chirality is preserly under way in cooperation with Prof. Dr. Jan

Kuijp ers.

Coronal holes and the acceleration of the solar wind

Obsenations of coronal holeswith the Yohkoh X-ray satellite have indicated a temperature
twice as high as previous measuremets made by Skylab or other X-ray telescopes aboard
sounding rockets. The di erence is attributed to the advancesin mirrors which have a lower
scattering and consequetly permit a better determination of temperatures. K. Tziotziou

together with A.G. Hearn and P.C.A. Martens have studied a seriesof coronal hole models
extending from the surface of the sun out to 3000 solar radii. They found that a parame-
terised mechanical heating ux of 221 10°ergcm 2s ! through the transition region with

an averagedissipation scalelength of 0:1R in the solar corona can reproduce the coronal
temperature of 1:8to 2:4 10°K and the emissionmeasureof 10°>® to 10?52 cm ° deduced
from the Yohkoh soft X-ray obsenations. The velocity of the wind at the Earth which in

this model is thermally acceleratedis very low, only about 5kms 1, suggestingthat thermal

acceleration cannot accourt for the fast solar wind velocities of 700kms ! which are mea-
suredin the vicinity of Earth and that an extra accelerationmedanism is needed.Theyhave
investigated the acceleration of the solar wind by Alfven waves and showved that an Alfven
wave ux of 1 1C0Pergcm 2s ! through the transition region is enoughto acceleratethe
solar wind to a velocity of 630kms ! at the Earth's orbit. The improved model ts most
of the obsenations of coronal holesas well as the in situ obsenations of the solar wind. It

suggeststhat a heating ux of 3 10°ergcm 2s ! through the transition region, of which
only two thirds is dissipated in the coronawith a short dissipation scalelength can accoun

for the obsened thermal energy and momertum of solar coronal holes.

Magnetoh ydro dynamics of laboratory and astroph ysical plasmas

The study of magnetohydrodynamic (MHD) waves and instabilities in magnetized plasmas
hasbeenconductedfor many yearsin the separatedisciplinesof laboratory fusion researt and
plasma-astroplysics. Yet, thesewidely separatephysical situations are described by the same
equations. This o ers numerous common viewpoints for researt of plasmasin the corona
of sun and stars, magnetospheres,accretion disks, etc. In the early nineties, this starting
point has beenthe basisof a collaborative e ort betweenFOM Rijnhuizen (Goedbloed) and
the Utrecht Astronomy Department (Kup erusand Hearn) on coronal plasmadynamics. This
collaboration has later (1995) grown into a larger scale e ort on \P arallel Magneto-Fluid
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Dynamics" with additional input from specialistsin numerical mathematics, uid dynamics,
and physical informatics (described in the seriesof reports. The successof this e ort has
recertlly (2001)led to a new project on\Rapid Changesin Complex Flows", roughly with the
sameparticipating groups (this time with Achterberginvolved). It concertrates on synergetic
three-dimensional MHD modeling of laboratory plasma ows, stellar winds, astrophysical
jets, and accretion o ws, with coupling betweenthe linear stability properties of the moving
magnetized systems and the ewlution towards discortinuous, shock-dominated, nonlinear
scenarios.

The following subjects were investigated in the reporting period:

() Spectral analysis of magnetohydodynamic wavesand instabilities. Fundamental studies
of the basic properties of the MHD spectrum have resoled a long-standing con ict about
the nature of the cortinuous spectrum, demonstrated the existenceof a new type of global
Toroidal Alfven Eigenmodes driven by toroidal plasma ows, and further dewveloped MHD
spectroscopy into a new powerful tool for plasma diagnostics, analogousto helioseismology
The concurrert application to coronal ux tubeshasturned resonarn absorptioninto a precise
theory with inclusion of the geometricin uence of loop expansion. Finally, the incorporation
of gravity, ow, and resistivity hasled to a generalset of state-of-the-art spectral codesfor the
analysisof MHD wavesand instabilities for realistic laboratory experiments and astrophysical
objects.

(b) Coronal heating simulations. Visualization of coronal heating medanisms proved to be
instrumental for our transition to nonlinear MHD simulations of wave dissipationin ux tubes
and, nally , to simulations of SOHO obsenations. In the latter phase,operation of the VAC
code (seebelow) was already in full swing.

(c) Simulating Plasma Dynamics with the Versatile Advection Code (VAC). VAC was dewel-
oped by Gabor Toth (Astrophys. Lett. & Comm. 34, 245, 1996) as part of the Massiwely
Parallel Computing project mertioned before. It is a fully implicit massiely parallel MHD
solver which is shock-capturing (through the use of consenative variables) and bridges the
huge time-scale disparities (from Alfv enic to dissipative) encourtered in realistic astrophys-
ical simulations. Designedto permit inclusion of almost all preser discretization methods,
it becamean extremely versatile resear® instrument which is used by a rapidly increasing
number of sciertists, here and abroad. The code was steadily developed further by Rony
Keppens, and applied to basic plasma dynamics like the Kelvin-Helmholtz instability and
jets. Application to solar and stellar winds produced the anisotropy obsened by the Ulysses
spacecraft. The recernt extensionwith adaptive meshre nement (AMR- VAC, is yet another
step towards simulating realistic astrophysical plasma o ws with small-scalestructures.

(d) Transonic MHD ows. Meanwhile, the fundamertal aspects of stationary axi-symmetric
MHD ows with tran'sonic' transitions through the three critical MHD speedsproved to
preseri many obstaclesin understanding the subtleties of plasma dynamics at those speeds.
Having resoled those permitted reinvestigating the MHD waves and instabilities of axisym-
metric rotating plasmaswith new numerical techniques. This activity is presertly producing
a veritable abundance of new instabilities of interest for the production of turbulence and
angular momertum transport in accretion disks about compact objects.”



Cool-Star Activit y

Utrecht astrophysicshasa long tradition of researt into the so-calledsolar-stellar connection,
meaning the link between solar and stellar magnetic activity (other \connections" refer to
corvection hydrodynamics and radiativ e transfer, with p-mode asteroseismologyof solar-like
stars a forthcoming new one). During the report period there were studies addressingthe
in uence of magnetic activity on young-star lithium depletion, on correlation of Call K and
X-ray activity indices, on EUV spectrometry and modelling of stellar coronae and coronal
loops, and on stellar ares (Sdrijv er (1996), Stuik, Bruls, Rutten (1997)van den Oord (1996),
Mewe (1997)). The most important production is perhapsthe monograph\Solar and Stellar
Magnetic Activit y* completed by Sdrijv er and Zwaan just beforethe latter's death.



Dutc h Open Telescope 1996 - 2001

Intro duction

The Dutch Open Telescom (DOT) is an innovative solar telescope on La Palma at the Ob-
senatory del Roque de los Muchados of the Instituto de Astrofsica de Canarias. The DOT
aims at solar obsenations with high angular resolution and was designedand built by R.H.
Hammersdlag with a small team of co-workers, the Physics Instrumental Group (IGF) and
DTO TU-Delft.

The telescope usesthe wind for minimizing telescope seeing. It consistsof a 15-m high open-
framework tower, supporting a telescoge also of an open construction (1.4). The telescope is
not protected by a dome-like enclosureand doesn't usea vacuum systemto minimize internal
seeing. The wind blows right through the telescoge, ushing the primary mirror and telescope
structure continually sothat no internal turbulence dewelops.

It was proposedby C. Zwaan during the JOSO-LEST test campaignsin the 1970's-based
on measuremets showing reasonablebetter seeingconditions 10-30 m above ground sur-
face. When the wind blows su cien tly strong it con nes the solar-heatedboundary layer of
turbulent corvection to heights below the telescome and ushes the telescope itself.

The novel opendesignof the DOT exploits the often excellert conditions on the Canary Island
La Palma (2350 m) due to the strong trade winds that make La Palma an outstanding site
for solar aswell as night-time astronony. Thesewinds go together with a low inversion layer,
often keepingthe cloud layer below the volcano rim, and con ne local turbulent corvection
from solar ground heating to a thin layer below the 15 m high open-tower top. Best seeing
occurswhen the wind is coming from northern direction, bringing stable and undisturb ed air
to the telescoye.

Design of the DOT

The DOT is are ector with a parabolic mirror that sits out in the openat the top of the tower.
The mirror (presenly Cervit, 45cm diameter, focal length 200cm) focusesthe incoming beam
onto a water-cooled 1.6 mm eld stop that re ects most of the image and heat out of the
telescope and transmits a 2.75arcmin sub eld to the re-imaging optics and cameras(1.5). The
DOT's simple optical schemepermits preciseoptical alignmert for optimum performance. Up
to the prime focus the light beamis symmetrical, resulting in low instrumental polarization
and image rotation is absen.

The mirror is mounted deformation-freewith a nine-point axial and three-point radial support
in a parallactic telescope structure that is considerablyoverdimensionedaswell asunbalanced
(1.6) in order to obtain extreme pointing stability evenin strong wind gusts at very low heat
dissipation of the drive and bearing system. The dissipation amourts to only about 20 W
(for example three orders of magnitude lessthan the heat production of the oil bearingsin
the nearby William Hersdel Telesco). Pairs of brushlesssernvomotors in push-pull preload
con guration without badklash drive four-step geartrains achieving 1:75,000reduction with
self-aligning gears(1.7).

The 15 m high support tower, at a weight of 13 ton lighter than the telescope itself, per-
mits only lateral motion of the platform while inhibiting tilts. Even in strong wind gusts
the telescope therefore maintains precise tracking. The tower consists of open steel-tube
triangles and is designedto withstand large ice loads and wind pressure. The ladder and
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Figure 1.4: The Dutch Open Telescom on La Palma, open and pointed to the sun on April
21, 2002.

11



reflecting and cooled field stop
enlargement lens and coma corrector /
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Figure 1.5: Sketch of the optical layout of the DOT with upgrade from the initial secondary
optics (now G band camerachannel) towards a multi-w avelength imaging system. For clarity
the two (432 and 651 nm) corntinuum channels have beenneglectedand the splitting optics
simpli ed: in reality the splitters are not cubesbut mirrors re ecting on a small angle.

12



Figure 1.6: Closeup of the telescoge in her fork, with mirror cell (behind the triangle in the
middle) and drive system of the declination axis (lower white box).
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Figure 1.7: Interior of the right ascensiorgearsystemduring assenbling with DOT technician
Piet Hoogendarn
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elevator cagemay be lled by 30 tons of ice without harm! A fold-away clamshell canopy
protecting the DOT when not observingsurviveseven the sewere La Palma winter storms and
heavy iceloads(1.8) and is now being copiedfor the German GREGOR telescope on Tenerife.

Figure 1.8: The DOT on April 14, 2002shortly after an ice storm. The staircaseis heavily
covered by ice.

First light
The tower, platform, telescope and canopy were mounted on the La Palma site during 1996-

1997. The optics have beenmounted in a full-size interferometer at Utrecht during the spring
of 1997 in order to construct a precise optical axis- and focus de ning laser system that
guarartees high-precision alignment. It was usedto de ne the optical axis exactly when the
mirror and secondaryoptics were installed (1.9(a), 1.9(b)).

The completion and the installation of the DOT wasfunded by the Dutch Tednology Foun-
dation STW on the basisof the technological innovations that make the DOT a stable pointer

15



(a) Interferometric test of the primary mir-
ror for de ning the best focus position in
the cellar of the workshop in Utrecht. In the
background is visible the parabolic primary
mirror with lasersystemin its certer, onthe
foreground the at referencemirror and in
betweenthe interferometer head with cam-
era (to the left) for registration of the inter-
ferogram which is visible on the television
screenon the left

16

(b) aligning of the primary mirror in the
telescope on La Palma with a laser. On the
right the primary mirror with laser in its
certer, on the left the secondary optics.



even while exposedto strongly varying wind loads. This new (mostly medanical) technology
hasindeedbeendemonstratedto work. There are no windshake problems, and the telescope,
tower and clamshellcanopy have survived multiple erce La Palma winters without problem.
Initial DOT post-focusequipmen waslimited to the veri cation imaging neededto prove that
the DOT fulls its designcriteria. From the solar physicist point of view, DOT veri cation
consistedof testing its open principle. The DOT is the rst solar telescope that relieson the
ambient wind (often very strong at La Palma) to inhibit image-spiling turbulence within the
telescope. The First Light Ceremory took place on October 31, 1997and performed by Prins
Willem-Alexander and the President of the Canary Islands M. HermosoRojas (1.9).

Figure 1.9: The First Light Ceremory took place on October 31, 1997 and performed by
Prins Willem-Alexander and the Presidert of the Canary Islands M. HermosoRojas.

The rst results after the DOT rst light con rmed the viability of the open principle. This
demonstration has beena pivotal factor in the current wave of large open-telescog projects
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becausesolartelescopsmay now be scaledup to much larger aperture than is feasiblefor tra-
ditional vacuum telescopesrequiring entrance windows. It openedthe way for other projects:
the ambitious four-meter open Advanced Tednology Solar Telescog (ATST) in the USA
and the 1.5 m open German GREGOR telescope on Tenerife. This courts too for the DOT
itself becausethe medanical structure of the DOT permits an upgrade from 45 cm to 140
cm diameter.

The initial observingprogram consistedof proxy magnetometry, usingimaging in the G-band
to chart magnetic eld structures and patterns and their ewolution in the photosphere.
After the rst light ceremory, a three-year DOT "science validation" period was funded
in 1998 by the Sterrekundig Instituut Utrecht (SIU) and the Utrecht University Faculty of
Physicsand Astronomy (UU Faculteit Natuur- en Sterrenkunde), the Netherlands Organiza-
tion for Sciertic Researt (NW O), the Netherlands Researth Sthool for Astronomy (NOVA),
and the European Solar Magnetism Network (ESMN).

Speckle reconstruction

High angular resolution is the sciencedriver for the DOT - asfor most other solar telescoges.
The DOT usesthe spedle restoration technique to correct for all remaining atmospheric
aberrations. Thanks to the combination of the wind-swept site, the wind- ushed open tower
and telescope, the excellert optics and the consistert application of spedle restoration, the
DOT furnishesdi raction-limited image quality whene\er the seeingis only reasonablygood,
i.e., with Fried parameter (e ectiv e resolution permitted by the earth's atmosphereexpressed
in corresponding telescope diameter) of the order of 9-cm. A major advantage of spedle
processingover the adaptive-optics systemsbeing developed for future solar telescopesis that
spedle reconstruction restoresthe full eld of obsenation, not just a singleisoplanatic patch.
Spedle restoration wasinitiated at the DOT already during the rst science-orieted observ-
ing campaignsby ESMN postdoc P. Setterlin who ported the Gettingen spedle code to the
DOT. The spedle restoration madethe DOT the rst solartelescope to regularly obtain 0.2
arcsecresolution in extendedimage sequencesgonsisterily readiing the di raction limit of its
45-cmprimary mirror. Figure (1.10) shows an example of an (G-band) image, taken with the
DOT. Many imagesand movies can be found on the DOT website: http://dot.astro.uu.nl.
From the beginning the DOT has an open data policy: all DOT data are public.

Multi-w avelength system

Next step was to equip the DOT with a multi-w avelength system forming a high-resolution

tomographic imager of magnetic ne structure, topology and dynamicsin the photosphereand

low- and high chromosphere. It led to the installation of a high-volume spedle acquisition

system in 2000 designedby P. van Haren and P. Suetterlin and implemented by the IGF

electronics division under J. Builtjes. It permits spedle restoration consisterly at multiple

wavelengths simultaneously. The new digital cameras(Hitachi KP-F100, 1296x1030pixels,

10 bit, 6.7x6.7 micron pixel size) always run in synchronous mode, ead obtaining 100-200
frame bursts in a xed cadenceat up to 12 frames/s with exposuretimes in the millisecond
range in order to freezeseeing. The digital spedle bursts are transported per custom IGF-

made optical b er links to frame-grabbing PCs in the corntrol room in the Swedish telescope
building and stored on a 5x72 Gbyte RAID disk systemand are archived on a se\en-cassette
Exabyte Mammoth 2 data storage system. The cameraoperation is also remotely cortrolled

18



Figure 1.10: Example of a DOT G-band image: AR 9407 taken on April 1, 2001 (Peter
Seitterlin). The white bar in the cutout in the lower right corner equals1”. The white arrow
directs towards disk certer. The image is a single frame from a 1-hour movie, available on

http://dot.astro.uu.nl.
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through optical b ers.

The completed systemwill contain 6 channels: G-band (430.5nm), Ca Il H (396.8 nm), H(
(656.3nm), Ball (455.4nm), and two cortinuum channels(432and 651nm). The continuum-
near-H( spedle registration will serve for H( restoration. In this multi-channel technique, the
wide-band wavefront estimation is usedto restorethe narrow-band framesthat by themseles
have insu cien t S/N within the exposurelimit set by the 10 ms seeingfreezetime.
Interference lters are used for the continua, G band and Ca Il H line. The H( beam will
utilise the ZeissLyot Iter on loan from the Canadian Researth Council, which will be tuned
rapidly through the line. The narrow-band lters are mounted with telecerric re-imaging
optics to produce bandpasshomogeneiy over the full eld at the full resolution given by the
primary-mirror di raction limit at ead wavelength. In addition, an Irkutsk tunable Lyot Iter
will beinstalled to provide Ba Il 4554Dopplergrams (seebelow). In 2001the optics designof
the multi-camera spedle acquisition systemby F. Bettonvil and R. Hammersdilag with help
from the ASTRON optics group at Dwingeloo has beencompleted (schematic illustrated in
Figure (1.5) and detailed in Figure (1.11).

The hardware is being constructed by the Utrecht instrumentation group IGF under

J. Verkerk. At the end of 2001,the rst two channels (G band and nearby continuum) were
in operation (Figure (1.12), 1.13)); the others follow successiely.

A test done at the Swedish Vacuum Solar Telescog SVST in its last season(summer 2000)
has demonstrated the tantalizing sciencecapability of the special tunable Lyot lter oper-
ating in the Ba Il 4554 line that was deweloped at Irkutsk by V.. Skomorovsky and G.N.
Domishev. They brought it to the SVST where it was conbined with the DOT spedle ac-
quisition system, on funding from SOZOU, LKBF and NOVA. The superb angular resolution
obtained by the spedle processingand the large sensitivity of the Ba Il 4554 line to mo-
tions (due to the combination of very large atomic massand insensivity of the line opacity
to temperature variations) combine to Dopplergrams of extraordinary information cortent.
An accommalation study has shown that the DOT can harbour this large and heavy Lyot
Iter with telecerric re-imaging optics within the multi wavelength system. Funding to real-
ize its installation has beenobtained from INTAS, the Pieter Langerhuizen Lambertuszoon
Fonds,and SOZOU. The optical designhasbeencompletedand all optics arein housein 2001.

The DOT cortrol room is located in the nearby Swedish telescope building, - where the
DOT team enjoys generoushospitality - and adjacernt to the Swedish telescope (formerly
the SVST, now the New Swedish Solar Telescog NSST) corntrol room and image labora-
tory. Their proximity will obviously facilitate tandem operation of the two telescopes. The
DOT aim is to frequertly exploit high-resolution tomography capability within international
multi-telescope campaignscombining many di erent diagnostics,in particular high-resolution
image sequencesn conjunction with the MDI magnetographand UV spectrometersonboard
the SOHO mission and with the high-resolution UV imaging by the TRA CE mission.

Next priorit y

In June 2001 an independert DOT Evaluation Committee (DEC) concludedthat the DOT
is an "internationally recognizedsolar facility with a unique sciertic potential" and recom-
mendedthe DOT team to concerirate on scieri ¢ exploitation. From the end of 2001 the
DOT is funded again by SIU, UU Fac. N&S, NWO, NOVA and ESMN EC-RTN for a three-
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Figure 1.11: 3-dimensionaloverview of the complete multi-w avelength systemwith all covers
removed. The G-band camerais situated at the bad of the original secondaryoptical system
and not visible (drawing Aswin Jagers).
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Figure 1.12: Top of the telescope with in the certer the cooled eldstop and tube channel
(now housingthe G-band camera). The box to the left corntains the blue cortinuum camera.
On the right side a focus camerahas beenmounted.

Figure 1.13: Example of syndironous DOT imaging with the rst two channels operational:
a) cortinuum (432 nm), b): syndronous G-band (430.5nm); c) "magnetic image" isolating
the magnetic elemerts in the intergranular lanesthrough an algebraic combination of the two
images. The imagesare small cutouts from a 100-mirute 63x73" obsenation on October 19,
2001 by Alfred de Wijn. The whole movie is in mpeg available at http://dot.astro.uu.nl.
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year "science utilization" program in which it is being equipped with a multi-c hannel optics
and data acquisition systemthat turns it into a tomographic mapper sampling the structure
and dynamics of the solar atmosphereat di erent heights, from the deepphotosphereto the
high chromosphere.

The DOT data production rate is preserly limited to only a few observing campaignsper
year. They su ce for the Utrecht need,but sewerely underexploit the enormousDOT science
potential. The main bottlenedk is the very time consuming spedle processing,taking mul-
tiple months per observing day at presern. A parallel version of the DOT spedle code has
beendeweloped by DOT studernt A.G. de Wijn and was showvn during a parallel-computing
demonstration at the 365-year Utrecht University lustrum celebration. We aim to install a
parallel reconstruction systemthat will permit usto openthe DOT asa high-throughput fa-
cility available for solar high-resolution observingto the whole international community and
the start of a studert-serviced time allocation program.
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1.2 Astroph ysics

Magnetic elds in accretion disks

Achterberg has investigated the stability properties of ux ropesin a di erentially rotating
accretion disk. Sudh ux ropes are slender strands of magnetic eld lines which, to some
extent, behave as elastic rubber bands. In many cases,such asin the Sun or in the clouds
of radio-emissionfrom Activ e Galaxies(the so-calledradio lobes)the magnetic eld is highly
structured, and a description in terms of ux ropesrather than a description as a smoothly
distributed eld seemsto be the most realistic.

It turns out that someof the well-known instabilities of a smooth magnetic eld persist for
ux ropes: the Parker Instabilit y which makes ux ropes oat to the surfaceof an accretion
disk, and the Chandrasekhar-Balbus-Havley Instabilit y, where the magnetic eld grows at
the expenseof the rotational energyin the disk. Somenew results were derived, in particular
about the 'added mass": the larger inertia of a uxrop e which results from dragging around
some of the surrounding plasma. It turns out that the added mass can vanish at certain
'resonart’ frequencies,suc as the epicyclic frequencywhich is the natural frequency of per-
turbations in the plane of the disk, and the Brunt-Veaisala frequency which is the natural
frequency for vertical motions of the gas.

Ultra-High-Energy Cosmic Rays

Achterberg, Gallant & Racdhen, in a collaboration with Colin Norman (Space Telescog Sci-
enceInstitute, Baltimore) and Don Melrose (University of Sydney), have completed a the-
oretical and numerical study of the propagation of Ultra-High Energy Cosmic Rays (UHE-
CRs) through the intergalactic medium. They treat the e ects of energy lossesof cosmic
ray hadrons (protons and neutrons) on the photons of the Cosmic Microwave Background
through photo-pion production, (p; n)+ ! (p; n)+ , and through pair production,
(p;n)+ ! (p;n)+ e" + e . Theselossesoccur in conjunction with the de ection of
these particles, which is causedby a weak, random intergalactic magnetic eld with a corre-
lation length of the order of 1 Mpc. This de ection causesa time-delay between UHECRsS
and photons which are created impulsively at the sameexplosive event. Energy lossesand
propagation must be consideredsimultaneously sincethe magnetic de ection of UHECRs is
strongly energy-dependert. The mostimportant conclusionsreaded in this investigation are:

Particles with an energyE 1070 eV, corresponding to the energyof the most energetic
particles ever obsened, can reach Earth from a distance up to 50 Mpc; The sharp cut-
0 in the arrival spectrum of UHECRSs due to pion production losses,predicted at this
energy by earlier studies which useonly a simple model for the energylossesof cosmic
ray hadrons, becomesmuch lesspronouncedif one takes the Poisson statistics of the
photon-hadron interactions and the kinematics of photo-pion production into accourt;

The delay in arrival time of UHECR protons with respect to photons produced at the
sameinstant as a result of magnetic de ection can be large: up to 10* yr for typical
parameters at an energy E 10?0 eV and for a source distance of 50 Mpc. This
meansthat the number of obsened UHECR ewerts above 10°° eV could be supplied by
Gamma Ray Bursts occurring in the local Universe(volume  10°° Mpc®) over the last
10,000years, provided the amplitude of the intergalactic magnetic eld exceed€.1nG.
Gamma Ray Bursts are the most energeticexplosionsin the Universe,and are probably
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causedby the collapseof a very massiwe star into a black hole (hypernovae) at the end
of its life, or by the merger of a neutron star-neutron star binary due to the emissionof
gravitational waves.

Figure 1.1 shows the e ect of pion production losseson the energy distribution of UHECRS,
and the delay time incurred for particles which start at an energyof 3 10°° eV. Shown are
the energy spectra and the delay time distributions of cosmic rays for six source distances
between5 and 250 Mpc.

Theory of photo-hadronic  pro cesses

Racdhen, in collaboration with T. Stanev and R. Engel at the Bartol Researt Institute,

A. Mucke and R.J. Protheroe at the University of Adelaide, has beendeveloping a Monte-
Carlo code named SOPHIASimulation of Photo-Hadronic InterActions) for photo-hadronic
interactions of between UHECRs and the Cosmic Microwave Background in the intergalac-
tic medium, and for similar processesn the intense radiation eld presen in Quasarsand
in Blazars. This code usesthe latest particle-accelerator data for the cross-sectionsof the
relevant processes.

Sofar this work hasbeenapplied to obtain rm limits on the neutrino production in the nuclei
of Activ e Galaxies(Radio Galaxies, Quasarsand Blazars), using available data on the gamma
ray and cosmicray production in theseobjects. Theselimits are of greatimportancefor future
neutrino telescope obsenations. The SOPHIAode has also beenusedin a comparison study
for the problem of cosmicray propagation, using the work of Achterberg et al. (outlined in
the preceding paragraph), who use an analytical approximation for the energy losses,as a
comparison. The numerical and analytical approadesto the energylosseggive similar results.

Relativistic shocks and Gamma Ray Bursts

Achterberg and Gallant, together with John Kirk and Udo Giesselerof the Max Planck Insti-

tut fur Kernphysik (Heidelberg), consideredparticle accelerationnear ultra-relativistic shocks.
Particles are acceleratedin the vicinity of astrophysical shocks as a result of scattering by
low-frequency magnetic uctuations which allow particles to crossthe shock front repeatedly.

This results in an energy gain due to the compressionat the shock.

Particle acceleration at ultra-relativistic shocks di ers from its non-relativistic cournterpart

by the fact that large anisotropiesoccur in the distribution of acceleratedparticles near the
shock: a result of the relativistic beamingthat occurswhen the velocities involved approac
the velocity of light. This beamingis illustrated in Figure 1.2. Using two di erent approades,
namely numerical simulations and semi-analytical calculations employing an eigenfunction
methal, they were able to shawv that the spectrum of acceleratedparticles is a power-law,
N(E)dE = E SdE, wherethe slope of the distribution dependsonly weakly on the precise
conditions ahead of the shock s 2:23 2:31. This makes the relativistic incarnation of
shock acceleration,the processthought to be responsiblein its non-relativistic versionfor the
production of Galactic Cosmic Rays in supernova remnants, a very robust medanism that

can operate in a wide variety of conditions. Relativistic shock wavesoccur in the relativistic

jets assaiated with Activ e Galactic Nuclei, and are the natural consequencef the powerful
explosionsassaiated with Gamma Ray Bursts.

Generalconsiderationsof accelerationtime scalesand relativistic kinematicsyield a rm upper
limit for the energythat can be obtained in this processat a relativistic shock. Achterberg
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Figure 1.1: The spectrum of Ultra-High-Energy CosmicRays (left panel) and the distribution
of delay times (right panel) as obsened at di erent distancesfrom the source. The source
distance rangesfrom 5 Mpc to 250 Mpc. All Cosmic Rays are injected at the sameenergy
Einj = 3 10%! eV, and loosetheir energymostly through the processof photo-pion production.
All spectra have beenmultiplied with a factor distance squared. At a sourcedistance equal
of 10 Mpc there is still a signi cant fraction of particles at the injection energy giving rise to
a distinct spike in the distribution. This spike has almost completely vanished at a distance
of 50 Mpc. Once the particle energy falls belov 10°° eV, where the loss length increasesby
almost two orders of magnitude (from 10 Mpcto 1 Gpc), particles drift slowvly to lower
energies,and collect in a narrow distribution.
For a small sourcedistancethe delay is measuredin months to years,but for a sourcedistance
exceedingl0 Mpc the delay exceedsl000years, and risesto more than a million yearsfor a
sourcedistance of 100 Mpc. This implies that, generally speaking, one should not expect to
be able to identify known Gamma Ray Burst events as sourcesof obsened UHECRS.
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and Gallant were able to showv that, given these restrictions on the maximum energy of
the acceleratedparticles, Ultra-High-Energy Cosmic Rays with an energy exceeding10'® eV
cannot be producedby shock accelerationof material (in particular protons and other nuclei)
from the generalinterstellar medium. They proposean alternativ e scenariowhere UHECRs
are the Lorentz-boosted ions from the remnant Pulsar wind in a binary pulsar system. lons
in pulsar winds are themsehesrelativistic (Lorentz-factor 10* 10) and can be boostedto
the required energies(E 10?1 eV) at the rst shock encourter. This scenariowould apply
to those Gamma Ray Bursts that originate from the merger of two neutron stars in a binary
system.

Gieseler,Kirk (both Max-Planck-Institut fer Kernphysik, Heidelberg), Gallant and Achter-
berg were able to resole a long-standing cortroversy about the behaviour of accelerated
particles at an oblique shock, i.e. a shock where the magnetic eld in the medium ahead of
the shock makes a large angle with the shock normal. Someauthors have claimed that the
distribution of the acceleratedpatrticles is discortinuous at the shock front, whereasothers
have claimed sudh a discortinuity is impossible on the grounds of statistical physics. The
resolution of this paradox is that a jump in the density is possibleas soon asoneallows for an
anisotropy in the distribution of acceleratedparticles at the shock. For moderately oblique
shaocks, this anisotropy is the consequenceof the consenation of the magnetic momert of a
particle, p3=2B, where p, is the componert of the momertum perpendicular to the eld,

and B is the magnetic eld strength. Due to the compressionin the shock the magnetic eld

strength increases,and particles with p, almost equal to the total momertum are re ected
in the shock front, and are so prevented from entering the downstream o w.

Supernova Remnan ts and Pulsar Wind Nebulae

Van der Swaluw, Achterberg and Gallant have studied the hydrodynamics of Pulsar Wind

Nebulae (PWNs). Sud nebulae have beenobsened around a number of young, rapidly ro-
tating Pulsars. These nebulae, presumably consisting of a relativistically hot plasma, have
been seenin radio and in X-ray obsenations, and, in exceptional casessuch as the Crab
Nebula, also optically. Together with the supernova remnant (SNR) in which these nebulae
are located -left over from the explosiwe birth of the Pulsar- they form the classof the Pleri-

onic Supernova Remnants remnarnts where a part of the emissionis powered by the loss of
rotational energy of the pulsar.

Using the Versatile Advection Code(VAC), they studied the ewolution of the expansion
of PWNSs, and have shown that a supersonicearly expansionof the PWN becomesa subsonic
expansion once the SNR enters the so-called Sedw-Taylor Phase of SNR ewlution. This

transition is causedby the increaseof the internal sound speedin the SNR. This increaseis
the result of a strong reverseshock propagating towards the certre of the remnart.

This phasestarts when the blast wave that surrounds the remnant, not unlike a bow-shack,

has swept up an amount of massfrom the surrounding interstellar gasequalto the massthat

was ejected explosively as a result of the supernova explosion. In the Sedw-Taylor phase
the expansionof the remnant decelerates.At the transition betweensupersonicand subsonic
expansionthe PWN radius undergoes strong oscillations. They also studied the casewhere
a large proper motion of the pulsar, typically at a velocity of 1000km/s, brings the PWN

to the edgeof the decelerating blast wave, and breaks out of the remnant. In this casethe
pulsar wind nebulais surroundedby a bow shock, not unlike the bow shock that surroundsthe
Earth's magnetospheredue to the presenceof the tenuous Solar Wind. A number of obsened
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Figure 1.2: This gure shawsthe angular distribution of particles at a relativistic shock in the
rest frame of the downstream uid. The angle is the angle betweenthe particle momertum
and the shock normal, with = 0 corresponding to a particle crossingthe shock along this
normal into the upstream medium. The distribution is normalized to a unit integral. The
shaock itself propagateswith avelocity 0.3ctowardsthe right, soparticles with cos ¢ > 0:3 will
re-crossthe shock into the upstream medium. The solid curveis the result of the eigenfunction
method, and the histogram the result of a simulation.
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Figure 1.3: A hydrodynamical simulation (top panel) showing the pressuredistribution in a
pulsar-wind bow shock, and two simulated synchrotron maps (bottom two panels) of a pulsar
wind bow shock due to a pulsar moving with a velocity of three times the sound speedin
a supernova remnant. The two syndirotron maps correspond to a dierent viewing angle
betweenthe line of sight to the obsener and the direction of the magnetic eld aheadof the
shock. (From the Ph.D. Thesis of Eric van der Swaluw)

SNR-pulsar systems, such as CTB 80 and G5.4-1.2, have a morphology that suggeststhat

sud a situation occurs.

In addition to their study of the hydrodynamics of the pulsar wind-b ow shock system,Van der
Swaluw, Achterberg and Gallant have consideredthe accelerationof cosmicray electronsin

young Supernova Remnarts. Suc remnants are known to be X-ray sources,and the spectral

properties of the X-ray emissionindicates that at least part of this emissionis non-thermal,

presumably synchrotron emission. Other (thermal) sourcesof X-raysin SNRsare collisionally

induced nuclear excitations of heavy nuclei in the Iron group, and thermal bremsstrahlung
by hot (relativistic) electrons.

Young remnants (with an age lessthan 700 years) can accelerateelectrons up to energies
of 10 TeV. These electrons produce X-rays by syndirotron radiation in the weak magnetic
elds (the eld strength is in the range of 3-30 micro Gauss) presen in these SNRs. The

simulations also produce roughly the right distribution for the energiesof the accelerated
electrons, a very steep distribution due to syndrotron losses:N(E)dE / E 7 dE. This

steep power-law is closeto the energy distribution inferred for TeV electrons from recert

obsenations of non-thermal X-ray syndirotron emissionfrom a number of young supernova
remnans.

Figure 1.3 below illustrates the hydrodynamics of a pulsar wind-bow shock systemcalculated
with VAC, and the result of the simulation of particle accelerationat the bow shock, shavn

herein the form of a simulated map of the syndhrotron brightnessof the acceleratedelectrons.
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Gallant, together with Van der Swaluw, Kirk (Max-Planck-Institut Kernphysik, Heidelberg)

and Achterberg have consideredthe consequencesf both the Pulsar Wind Nebula hydrody-

namics, and the physics of cosmicray accelerationat relativistic shocks for the non-thermal

emission of young Plerionic Supernova Remnarts. They conclude that the non-thermal X-

ray emissionin sud objects as the Crab Nebula is consistert with syndirotron emissionof
relativistic electronsacceleratedat the ultra-relativistic termination shak. This termination

shock is the site where the kinetic energy of the high-speed, relativistic pulsar wind is con-
verted into heat (radiation and relativistic particles). They also conclude that the passage
of the reverse shock, which occurs as the SNR enters the Sedw-Taylor phase,leadsto a
signi cant brightening of the non-thermal X-ray emission. This brightening is due to the

compressionof the magnetic elds and relativistic particles in the pulsar wind nebula.

Van der Swaluw and Y. Wu (Canadian Institute for Theoretical Astrophysics, University of
Toronto, Canada) have applied the hydrodynamical theory for the behaviour of pulsar-driven
nebulaeinside a supernova remnart to devisea diagnostic that allows oneto estimate the spin

rotation period of the pulsar at birth. After the explosionof a massiw star at the end of its

life most of the stellar material is ejectedinto the interstellar medium, and forms a supernova
remnarnt. The core of the original star collapsesinto a rapidly rotating neutron star. This

rapidly rotating neutron star losesenergyby emitting a strong relativistic wind, which forms a
pulsar wind nebulainside the supernova remnant. The lossof rotational energyby the pulsar
powers this wind, but at the sametime leadsto a slowing of the pulsar rotation rate. Van

der Swaluw and Wu usethe ratio Rpwn=Rsnr Of the radius of the pulsar wind nebula and the
radius Rgpr Of the supernova remnant, a quantity that can be determined from obsenations,

together with the preser rotation rate P; of the pulsar to derive an expressionfor the rotation

rate Po of the pulsar at its birth: Figure 1.4 shows this relationship betweenPq and Rpwn=Rsnr
for di erent valuesof the presen pulsar rotation rate P;. Also shown are the properties of 13
obsened systems.

Gallant and Richard Tus (Max-Planck-Institut fur Kernphysik, Heidelberg) have studied a
number of young pulsar-powered Supernova Remnarts, including the Crab Nebula, at infrared

wavelengths using the ISO satellite. The obsened emissionis syndirotron emission,and in

the caseof the remnant 0540-69.3,a remnarnt that residesin the Large Magellanic Cloud and
which is almost a \t win" of the well-known Crab Nebula in our own Galaxy, the emission
spectrum seemsto be a transition betweenthe obsened spectrum at shorter wavelengths,in

particular X-Rays, and the spectrum obsened at radio wavelengths. In Figure 1.5, a spectral

index map of the Crab nebula is preseried. The spectral index , de ned by the relation

betweenthe ux F( ) andthe observingfrequency asF( )/ , givesinformation about
the energy distribution of the relativistic electronsthat generatethe syndirotron radiation:

N(E)dE / E SdE, with s = 2 + 1. In the caseof the Crab nebula Gallant and Tu s

conclude that the same population of electrons responsible for the intense radio emission
from the Crab generatethe infrared emission, but that their distribution is steeper (larger
valuesof and s) dueto the energylossthat they incur in the process.
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Figure 1.4: The relationship betweenthe pulsar spin period at birth, Pg, and the ratio of the
radii of the pulsar wind nebula and the assiated supernova remnant. Curvesare showvn for
di erent valuesof the presen (obserwed) rotation frequency P;.
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Figure 1.5: Map of the spectral index of the Crab Nebula, wherethe ux at frequency
scalesas F( ) , taken at a wavelength between 16 and 2.2 m . The index is steeper
towards the edges,and atter in the certral regions, where it reades the radio value of
= n0:3. Contours are at valuesof = 0:4and = 0:6. This map strongly suggeststhat
electronsradiating in the near IR (and optical) are acceleratedby the same medanism as
the radio-emitting ones,but su er signi cant syncrotron-cooling lossesover the age of the

remnant.
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Solar prominences: origin and chiralit y explained by merging magnetic dip olar

loops

J. Kuijp ersand L. Mestel worked on solar prominences,or laments, which are large-scale
structures (10° km or more) of relatively cool (10* K) and densegas of small volume- lling

factor. They extend above the solar photosphereinto the surrounding, hot (108 K) and dilute

corona, and are, perhaps, the most interesting manifestations of solar activity and magnetic
reconnection. As sud, they serwe as a protype for reconnectingstructures in the environs of
magnetizedtransients in astrophysics. On the Sun, they form the visible connection between
the internal solar dynamo and the corona. They can exist for weeksor months; they play

an important role in large solar ares when they erupt on time-scalesof tens of minutes;
they are linked to coronal massejections (CMESs), coronal streamersand X-ray arches. The

unfolding of an eruptive prominence,and the cortinuous recreation of quiescem prominences
from small-scalemotions are amongstthe most beautiful phenomenain the universe(Figure

1.6).

The time-independent structure of quiescen prominencesis well understood, and essetially
described by the model of Max Kup erusand Michael Raadu (1974). In this model the lament
is approximated asa line current, and its altitude in the surrounding coronais determined by
force balance between repulsion of the line current from the conducting photosphere which
screensout the lament self- eld, and the downward Lorentz force on the line current by the
ambient magnetic loopsin which the lament resides.

The formation, however, of prominences,and their obsened handelnessor chirality areill un-
derstood. Obsenations demonstrate that prominencesare not time-independert on a small-
scaledown to hundreds of kilometers. Individual brils of which the prominenceis made
up, vanish and change shape continuously, and the elemers of densegasappear to undergo
violent motions of tens of kilometers per second. Apparently, magnetic reconnectionsplay
an important role in creating and maintaining the prominencesbut how these t into the
large-scalepicture is not clear at all. The other, unexplained, obsenation from Sarah Mar-
tin (1994) is that quiescem prominencesare predominartly dextral on the northern solar
hemispherewhile they are sinistral on the southern hemisphere,independertly of solar cycle.
Here, the magnetic eld con guration is called dextral when the magnetic eld in the la-

ment points to the right for a ducial obsener which is located at the chromosphereon the
positive-polarity side, and facesthe broad side of the lament.

In two papers, Kuijp ers and Mestel have worked out a possibleexplanation of these obser-
vations. They start out from the obsened, purely corverging, ow pattern in which small
bipolar magnetic loops are embedded on both sidesof the \neutral" line - the line of con-
vergence(Figures 1.7(a), 1.7(b)) - but now they assumethat these individual loops carry
internal body currents which are counteraligned with the internal magnetic eld direction on
the northern hemisphere,and aligned on the southern hemisphere. They then demonstrate
that reconnection between the individual loops indeed gives rise to a collection of highly
shearedand dense brils with the obsened properties, in particular the obsened handedness
of the magnetic eld, the existenceof an overlying coronal arcade, and of the cavity which
separatesarcade and lament (Figures 1.7(c), 1.7(d)). Further, they demonstrate that the
postulated internal “body' currents inside the loops of the correct sign are generatedby the
action of the Coriolis force on magnetic loops inside the Sun in the absenceof reconnection.
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As an, initially current-free, loop rises through the solar corvection zone the loop becomes
deformedand acquiresa writhe and an opposite internal twist. This twist implies an internal
“body' current of the required direction (Figures 1.7)

The complete explanation then that is proposedis as follows: Rising ux tubesacquire body
currents by the action of the Coriolis force which are counteraligned with the magnetic eld

direction on the northern hemisphereand aligned with it on the southern hemisphere.When
theseloopsmergeat the interface of a large-scalerolling convective motion at the solar surface
reconnectionleadsto the formation of prominenceswith the obsened handednessdextral on
the northern hemisphereand sinistral on the southen hemisphere. Also, the obsened arcade
and cavity above a prominencefollow from reconnectionin the model.

Figure 1.6: A prominence on the solar limb, obsened in He Il (304 A) corresponding to a
temperature of 8 10* K with EIT/SOHO on 23 June 1997.

Magnetic pumping in the rapidly rotating white dwarf in AE Agr causes radio

ares

J. Kuijp ers, L. Fletcher, M. Abada-Simon, G. Ramsg, D. Steeghs,K.D. Horne, and M.A.

Raadu worked on AE Agr, which is a binary with a white dwarf primary and a Roche-lobe
lling companionfrom which matter ows onto the white dwarf. This so-calledCatacalysmic
Variable is remarkable in that it shavs episalic eruptions at radiowavelengthsin the form of
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(a) Perspective view of four bipolar loops
with body currents in the same direction,
here aligned with respect to the magnetic
eld aswould occur on the southern hemi-
sphere. The open arrows indicate migration
of the loops towards the neutral line which
separatesdomains of dominant positive (+)
and negative (-) polarity, each marked by
a small circle from (into) which H-  brils
start (end). Reconnection is indicated by
heavy dashedlines.

(c) Side view of Figures (1.7(a)), (1.7(b))
along the direction of the neutral line, be-
fore (dashed lines) and after (drawn) recon-
nection.

,,,,,,,,,,,,,,,, St neutral line

fibrils

(b) Top view of Figure 1.7(a). Heavy
dashedlines are the new connections.

Filament.
—~

Void @

Filament channgl

(d) Perspective view of elemertary loops in
the lamen t and the overlying arcadeon the
southern hemisphere. Open arrows indicate
the directions of electric currents |

Figure 1.7:

large ares and, at the sametime, contains one of the most rapidly spinning white dwarfs
known with a rotation period of 33 sec,much smaller than the orbital period of 9.88 hours.
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(@) When a current-free magnetic ux tube
is deformed an electric current systemis set
up (gure on the left). The loop acquires
a global writhe (rst picture on the right)
and an opposed internal twist (second pic-
ture on the right). The electric currents
are depicted by dotted lines and open ar-
rows. Note that only the internal twist cor-
responds to internal ("body') currents. For
simplicity, the surface return current in the
last picture has not beendrawn in.

(b) The cylindrical coordinate system
fR;"; zg is attached to the star. Initially ,
the loop is at a constant latitude. As the
loop rises its range in R increasesand the
legs move apart. The Coriolis force bends
the loop which now occupiesa range in lat-
itudes and has acquired a writhe. The di-
rection of stellar rotation is to the left.

Figure 1.8:
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Its magnetic eld is not strong enoughto syndironise the spin period of the white dwarf
with the orbital period, but it is strong enoughto prevent the formation of an accretion
disk. No direct measuremeis of the magnetic eld strength are available. Therefore, it is
called an Intermediate Polar. The geometry of the systemis sketched in Fig. 1.6. The ra-
dio emissionis usually explained as syndirotron emission. For a large radio are, typically
the radio emissionhas a power of 10?1 W, lasts about an hour, and would come from an
expanding, magnetized cloud of size3 108 m cortaining 5 10%° electrons with a Lorentz
factor of 90, corresponding to a total energy of 4 10?4 J, and an ambient magnetic eld
strength 0.005T. How these particles are accelerated,and why the radio emissionoccursin
ares is, howewer, unknown, and the purp oseof this work is exactly to answer thesequestions.

The X-ray and irregular UV emissionis much smaller than the spin-down luminosity, and,
therefore, it is thought that the accretion is small and most of the gasis propelled away.
As the fast rotating magnetospheresweepspast the infalling gaslots of MHD waveswill be
generated. Typically, we estimate that between2 . 10°?BZ W and 4 10°*B? W is emitted
in the form of MHD wavesin the wake of the infalling gasstream (B is the eld strength in
units of 100T). TheseMHD wavescan, in principle, accelerateparticles to high energies.We
have investigated if magnetic pumpingin these eld perturbations can explain the outbursts.
On averagean energyfraction of 10 2 to 10 # should then be corverted into radio emission.

Magnetic pumping is one of a number of stochastic acceleration medanisms, known also as
Fermi-type processes.Their common characteristic is that particles interact with changing
- either in spaceor in time - magnetic elds while a randomising processin pitch angle op-
erates at the sametime, thus allowing for continued particle acceleration. We have solved
the ewlution equation for the particle distribution function with an appropriate pitch angle
di usion term by meansof the method of stochastic simulations for particle acceleration,both
by standing and travelling oscillatory magnetic eld compressions.Also, we have taken into
accourt both radiative lossesby syndirotron emissionand Coulomb losses. The results are
summarizedin Fig. (1.7). For given eld oscillations (period and amplitude), acceleration
occursif the densitiesare not too high (small Coulomb losses)and the eld is not too strong
(small synchrotron losses). Also, for magnetic pumping to operate at all, the initial particle
energy should be large enoughto start with. In our case,the particles get this injection
energy from their gravitational infall.

In the magnetosphereof the white dwarf, particles are trappedon eld lines, and pitch angle
di usion implies spatial di usion aswell. As a result, particles leak out of the acceleration
region corntinuously by precipitation into the loss-coneat the mirror sites. For accelerationto
be e cien t, the particle trapping time in the magnetospherehas to exceedthe acceleration
time scale. We now have all the ingredients to decideif magnetic pumping can produce the
required clouds of energetic electrons as follows. The typical Lorentz factor of about 100
allows for a maximum eld strength in the acceleration region of 0.005T (Fig. 1.7). For
example, If the eld is modulated at the spin period of the white dwarf and at an amplitude
of 25 %, particles can be acceleratedat a distance of about 140 stellar radii or larger for a
stellar surface eld of 100T.

We nd that that both the required particle accelerationand the obsened radio ares can
be explained by magnetic pumping of infalling gasin the periodically modulated magneto-
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sphereof the white dwarf if the surface eld at the polesis 100T. The are is explained by
the eruption of the acceleratedelectronsas soon as their energy becomescomparableto the
energy required to open up the dipolar eld distribution.

2><W09 UNLELI Y R

1x10

height above orbital plane (m)

—_1x10°

o
L O L O B B

Figure 1.9: The CV AE Agr. Shown are the Roche lobes, the orientation of the spin axis
(vertical), the position of the light cylinder, and the position of the magnetic dipole axis as
it passeghe plane of the drawing. Someof the unperturbed dipolar eld lines are showvn as
well including the last closed eld lines and the two eld lines which would passthrough the
inner Lagrangian point both at the epoch shonvn, and half a spin period later.

High viscosit y in accretion disks caused by coronal magnetic activit y

J. Kuijp ers, V. Pavlidou, L. Vlahos, H. Isliker worked on the rate of transport of matter
onto the certral compactobjects in X-ray binaries and Activ e Galactic Nuclei, which is many
orders of magnitude larger than can be explained by collisional viscosity in an accretion disk.
A number of di erent routes towards explaining this so-calledanomalousvisoosity have been
proposed, sud as spiral shocks, wave excitation, magnetized winds, uid turbulence, mag-
netic turbulence, 2-D eddies,and coronal magnetic loops.

Sincea number of accreting objects show violent eruptions at radio wavelengthsand, there-
fore, magnetic elds appearto be presen in the environs of accretion disksit is important to
investigate whether magnetic elds can supply the required large torques on accreting mat-
ter. In particular, a magnetic eld loop anchored in, and sticking out of an accretion disk is
known to be an e cien t transmitter of angular momertum from the inner towards the outer
footpoint, and thereby promote inward motion of the gasat the inner foot-point and outward
motion of the gas at the outer foot-point. At the sametime, sud coronal magnetic loops
are expectedto undergo periodic reconnectionand releasetheir energyin the form of particle
acceleration, heating and bulk motion.
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Figure 1.10: Magnetic pumping in standing eld oscillations (amplitude of 25 %) asa function
of the ambient density (horizontal axis) accelerategatrticles inside the curveslabelled by their
respective eld strengths up to saturation valuesof the Lorentz factors (vertical axis).

Also, the X-ray variability and the power-law shape of the uctuation spectra obsened in a
number of accreting objects suggestthe presenceof a magnetic activity which is reminiscen
of magnetic ar e activity asobsened in the solar corona. In the present work, Pavlidou et al.
have investigated this solar paradigm in the context of an accretion disk. Their primary aim
isto nd out if, in principle, coronal magnetic elds on both sidesof an accretion disk can
cooperate to form a large e ectiv e viscosity, and at the sametime give rise to non-thermal
X-ray emission.

The problem at hand is intrinsically a non-local one: the coronal magnetic eld of an iso-
lated magnetic loop transports angular momertum from the inner foot-point to the outer one.
Only if other loops are presert at the sametime soasto form an inter-connecting geometric
web can one expect the action of a collection of magnetic loops to lead to glokal accretion
throughout a portion of the disk. To simulate the action of sudh a collection of magnetic
loops the authors have divided a model thin accretion disk around a 1.4 solar mass object
into discrete cells, and supplied the network of cells with a cellular automaton for magnetic
activity. The ideasusedare comingdirectly from our understanding of solar magnetic activity
and ares. Each empty cell is given a probability per unit time for spontaneousappearanceof
a magnetic footpoint in that cell, and a coe cien t for stimulated generation when (some of)
its neighbours are hosting already a magnetic foot-point. The local magnetic pressureat the
photosphericlevel is assumedto bein equipartition with the gaspressure.An occupiedcell is
given a probablity per unit time for di usiv e disappearanceof the magnetic ux penetrating
that cell. To include the e ect of stagnation of matter in a cell whenloopsare locally absen,
the probability of spontaneousgenerationis chosento depend on the local density and is kept
as an arbitrary parameter of the model otherwise. In this way, we simulate the e ect of the
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increasinggas pressureas the matter stagnateson the eld strength of a loop, onceit forms.
Similarly, the coe cien t of induced appearancewhich is chosento be proportional to the rise
time of a ux tube through the local disk is a secondfree parameter. Finally, the coe cien t
of disappearanceis the third free parameter of the model.

The cellular automaton is advancedin small time-steps. A typical individual magnetic loop
becomesdistorted and nally reconnects(” ares’). Its e ect on the magnetic energy release
and the angular momertum transport, and the inward and outward displacemens of matter

at the foot-points are estimated with semi-analytical expressionsas derived from our under-
standing of aring loopsin the solar cortext. In this way, the birth, growth and destruction

of loopsand active regionson the disk are followed, as are the net e ects on the masstransfer
and magnetic energyrelease.

In an iterativ e procedure, the existenceof steady states has beeninvestigated for given sets
of the three free parameters (Figure 1.9). Solutions are constructed which mimick as closely
as possible so-called Shakura-Suryaev thin disk solutions for the same massaccretion rate
(Figure 1.10). TheseShakura-Suryaev solutions are analytical, steady-statesolutions for thin
disks constructed on the assumption that the e ectiv e kinematic viscosity is a constart frac-
tion "alpha’ of the product of local disk scale-heigh and sound speed. In the simulations,
it is found that (on average) steady magnetized disks are obtained for a wide range of free
parameters. Also, disks can be constructed with an e ectiv e viscosity which is as strong as
in a Shakura-Suryaev disk solution of alpha-parameter unity; the corresponding lling factor
of the disk photospherewith magnetic ux tubesis of the order of 15 %. The conclusion
is, therefore, that coronal magnetic loops in acretion disks can indeed give rise to a su -
ciertly large e ectiv e viscosity as required by the obsenations. Conversely the collection of
interacting coronal magnetic loops forms a physical picture for the Shakura-Suryaev alpha-
parameter, which now needsnot be constart asa function of position anymore.

Assuming that the free magnetic energyof eat aring loop is releasedentirely in X-rays and
that the emissionis characterized by an exponertial decg, a clear power-law behaviour of
the power-spectrum is found with a slope comparableto that found in power-spectra of X-ray
uctuations in X-ray binaries (Figure 1.11).

Stable vortices can exist in accretion disks

M. Nauta, J. Kuijp ers, J.T.F. Zimmerman worked on the question: does an accretion disk
support coheren structures such asvortices or spirals? Obsenational studiesof accreting sys-
tems (e.g. QuasiPeriodicOscillations, eclipse mapping) imply that accretion disks do indeed
possessieviations from azimuthal symmetry. In his PhD thesis "Tw o-Dimensional Vortices
and Accretion Disks" Michiel D. Nauta has investigated numerically if 2-D, thin, hydrody-
namic disks can support stable coheren vortices. He has found that stable, anti-cyclonal or
prograde vortices do exist (Fig. 1.14)with a strength comparableto the Keplerian shear,and
aradial extent comparableto the thicknessof the disk. The Rossly number of the vortex is of
order unity, which implies that the ow is not in geostrophicbalance,eg. horizontal pressure
gradients are not balancedby the Coriolis force, and the certrifugal forceis important aswell.
Thesevortices would thereforebedi cult to obtain with analytical techniques. The results of
Nauta complemen other numerical work which has appearedduring the PhD-project, which
shaows that large-scalevortices cannot exist in a thin accretion disk but which did not address
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(a) Top: aface-onsnapshotof the modelled region (b) Bottom: a magnied section of the disk with
of the disc and the spatial distribution of coronal the active regionsresolved. Again the compact ob-
magnetic eld loops. The certral object (1.4 solar ject is represened by the circle at the certer.
mass) is drawn to scale.

Figure 1.11: The disk for a xed setof probability coe cien ts corresponding to a steady-sate
lling factor of 0.158.

the intermediate scalesreported here.

The numerical technique usedis a partial fourth-order version of the Arakawa-Lamb scheme
which has been deweloped for geoptlysical uid dynamics, and which consenes enstrophy
particularly well. The polytropic 2D-gasequationsare rst manipulated to give the (pseudo
scalar) equation of advection of potential vorticity or vortensity (the curl of the velocity eld

divided by the surfacedensity) which is then solved numerically. Over a hundred simulations
have beenperformed of vortices in a badground Keplerian o w for Rossly numbers between
0.3- 2.5and Mach numbers0.1 - 0.9, which are the intervals over which stable vortices have
beenfound. The balanceof forcesin an individual vortex hasbeenstudied and understood in
great detail, aswell asthe obsened nutation of a typical vortex. An important result is that
the vortex excites sound waves which propagate away and transform into two spiral shocks,
onein the inner and onein the outer disk (Fig. 1.14).

Ample attention has beenspent on the study of enhancedangular momertum transport or
e ectiv e viscosity created by the presenceof vortices in an accretion disk. This result is of
importance for the solution of the so-calledanomalous viscosity obsened to occur in thin
accretion disks. As a vortex excites spiral shock waves an enhancedangular momertum
transport is expected. From the radial drift of a vortex an e ectiv e Shakura-Suryaev alpha-
parameter can be calculated. The results are showvn in Fig. 1.15for vortices of various Mach
number. Finally, multiple vortices have beenstudied, and have beenfound to be remarkably
stable despite the occurrenceof periodic strong nonlinear interactions.

The PhD-project presens a successfulexample of cooperation betweenthe disciplines of as-
trophysics and geoptysical uid dynamics as studied at the Astronomical Institute and the
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state in the nal, 200,000time steps of the calculation.

Figure 1.12: Massdistribution in spaceand time in the quasi steady-state.

Institute for Marine and Atmospheric Researt of Utrecht University.

The unbearable lightness of pulsar winds: Poynting ux is converted to kinetic
energy by curren t starv ation

J. Kuijp ersworked on one of the most intriguing problemsin high energyplasmaastrophysics,
which is the nature of the energylossin radiopulsars. Obsenations of the Crab pulsar and
nebula demonstrate that the energy loss of the pulsar is in the form of a relativistic wind
which is dominated by kinetic energywell in front of the termination shock of the wind. On
the other hand, the wind of a rotating strongly magnetizedneutron star hasto be dominated
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Figure 1.13: Magnetic energyreleasefor a xed combination of free parameters.

by Poynting ux nearthe light cylinder, ric = c=, where isthe angular rotation frequency
of the star. Attempts to corvert the Poynting ux to kinetic energy by reconnection of the
alternating magnetic elds in the so-called\strip ed" part of the equatorial wind (Fig. 1.16)
have failed sofar. Such modelsfocuson electric current sheetswhich separatethe alternating
magnetic ux tubesin the wind.

In our approadh, we have studied the fate of the distributed, or body, currents which ow
through the outgoing magnetic ux tubes(Fig. 1.17) instead of on the sheet currents be-
tweenthem. Our main point is that it is thesedistributed currents which are responsible for
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(a) The potential vorticit y distribution of the stan-
dard vortex after 10 orbits (range - 1.3 to + 1.5).
The sector of the disk shown hasperiodic boundary
conditions in the azimuthal direction, and absorb-
ing inner and outer boundaries. The inner disk
rotates counter clockwise. Dark shading is for low
and negative values, light shading for high and pos-
itiv e values of potential vorticit y. The compact ob-
ject is situated at the origin x = y = 0.

(b) The surface density (0.59 - 1.39) of the same
vortex as in Fig. 1.14(a). Note the pronounced
presenceof spiral shock waves excited by the vor-
tex which are not visible in the potential vorticit y
distribution of Fig. 1.14(a).
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Figure 1.15: The e ective Shakura-Suryaev alpha as a function of Mach number. Large
symbols indicate high resolution runs (256 x 256 grid points).
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transmission of the outgoing Poynting ux. We have demonstratedthat the initial force free
nature of such a current systemin an ideal plasmawind necessarilybreaks down beyond a
certain distance from the star due to current starvation. This e ect arisesbecausecortinu-
ity dictates the particle density to decreaseinversely with the square of distance to the star
while a force free current density decreasesnversely with distance. Clearly then, in a wind

which movesessetially at the speedof light, the number density of charge carriers required
to maintain the force free toroidal magnetic eld is absert beyond a certain distance from the
star. We nd for this distance a value of R=ri; = 0:5M =, whereM is the multiplicit y of the
pair plasma,and s the Lorentz factor of the pair plasmaat the baseof the wind. A typical

value of this number is 100 - 1000and correspndsto a location well inside the termination

shock.

As a result of current starvation, a strong voltage drop dewvelops along the magnetic eld

lines in a shell at the current starvation radius, most of the electric current dissipatesthere,
and magnetic (toroidal) energyis corverted into kinetic energy by parallel electric eld ac-
celeration of the remaining particles in the wind. The parallel voltage drop lifts the frozen-in
condition of magnetic eld linesin the plasma, and allows a large part of the current to close
acrossmagnetic surfaces.In the process,magnetic eld is reconnectedcontinuously (so-called
GeneralMagnetic Reconnection). At the sametime, the parallel voltage drop allows the inner
magnetic eld spiral to slip past the outer one which now rotates much slower, has a much
smaller eld strength, and a much smaller spiral eld pitch (Fig. 1.18).

The paper has beenpublished in the Festsdirift in honour of the 60th birthday of Prof. Don
Melrose at the University of Sydney

Gravitational Waves can excite MHD wavesin Gamma Ray Bursts

J. Kuijp ers,J. Moortgat (Astrophysics,University of Nijmegen/Astronomical Institute, Utrecht
University), D. Papadopoulos, N. Stergioulas,L. Vlahos (Section of Astrophysics, Astronomy
and Medhanics, University of Thessaloniki)

Gamma Ray Bursts (GRBs) presert one of the most challenging puzzlesin high energy and
plasmaastrophysics by the sheermagnitude of the gamma-rays emitted. Most of the existing
theoretical work concernrates on explaining aspects of the reball model and the enginere-
sponsiblefor the reball. Relatively few papersaddressthe key problem of creating the initial

magnetizedleptoid which forms the reball. Here we limit ourselesto GRB progenitors in
the form of neutron star inspirals. Most of the binding energy of such a systemis releasedin
Gravitational Waves (GWSs) of seweral hundred Hz to a few kHz. We proposethat this pulse
of GWs propagatesinto an already existing electron-positron wind created by both neutron
stars in the binary (Fig. 1.19). As a rst step, we have investigated the possibleexcitation
of MagnetoHydroDynamic (MHD) wavesby GWs.

Intuitiv ely, we expect that a large-amplitude GW travelling along an ambient magnetic eld
which is frozeninto an ideal plasmawill excite Alfven waves (Fig. 1.20). We have therefore
linearized the MHD equations in the general relativistic framework under the action of a
monochromatic GW travelling in a uniform magnetizedplasma at an arbitrary angle to the
badkground magnetic eld. Suc a perturbation approad is justied since- even although
the GW energy lossesare huge - the amplitude of the perturbation of the metric remains
small (h 10 2 at a distance of 300 km from the merger). We do nd that MHD waves
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Figure 1.16: Sketch of the magnetic eld lines of an oblique rotator (solid lines are outgoing,
dashedlines are incoming eld lines). The certral ellipsoid represerts the closedpart of the
magnetosphereextending out to the light cylinder. A bundle of open eld lines originates at
eat polar cap. Each bundle divides into two ux tubes,a certral “polar’ ux tube which
leaves the star as a jet of the same polarity, and a cylindrical sheath which joins a similar
ux tube of opposite polarity, and forms an equatorial “striped' wind.

Figure 1.17: Sketch of the creation of electric currents (open arrows) in a magnetic ux tube
which connectsthe two magnetic polesof an oblique rotator when the tube is drawn out in
the stellar wind. The e ect of the Lorentz forcesfrom the currents is to brake the star and to
speedup the outer wind. For clarity, only two magnetic eld lines (black arrows) are shown.
In a typical pulsar the tube winds hundreds to thousands times around the star before it

penetratesthe termination shock.
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Figure 1.18: The proposedelectrodynamic structure and electric current closurein a pulsar
wind. Inside the shell the toroidal magnetic eld componert falls o inverselywith distance;
outside the shell the sameis true but the eld strength and the pitch of the eld lines are
much smaller. At the shell, the electric current crosseghe eld and closesacrossthe equator
asindicated by the openarrows. The oblique circle separatestwo regionsof di erent magnetic
polarity. The outer eld drifts (subrotates) with respect to the inner eld lines, and stays
of courseon one side of the oblique circle which separatesthe two polarities. Note that for
simplicity, the shell is preseried as a surfacewhile in reality it has a thicknessof the same
order asthe distance of its lower boundary to the star.

can be excited to rst order, howewer, only if the GW s travelling at an angle with respect
to the badkground magnetic eld. Alfven waves as in the sketch of Fig. (1.20), are only
produced in secondor higher order. Fast Mode Magnetosonic (FMM) waves, on the other
hand, are excited if the GW propagatesat an angle with respect to the ambient magnetic
eld. In Fig. (1.21), we sketch how an incoming GW propagating out of the paper towards
the reader compresseghe ambient magnetic eld in a periodic manner, and excitesa FMM
wave. We nd that the FMM wave builds up over a distance equal to the beat-wavelength
(1= k) betweenthe GW - which travels exactly at the speedof light - and the excited FMM
wave - which has the samefrequency but a slightly dierent wave number as it travels at
the (generalized) Alfv en speedwhich is closebut not not quite equalto the speedof light in
the strongly magnetizedrelativistic electron-positron wind around the neutron star merger.
Further work is neededto study the consequencesf this process.
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Figure 1.19: Sketch of two magnetizedneutron stars in a binary. We assumethat both stars
create a magnetizedelectron-positron wind similar to radio pulsars. Both winds combine into
a largely force free equatorial wind and two jets along the orbital rotation axis of the binary.

A

Figure 1.20: Sketch of the e ect of a large-amplitude Gravitational Wave travelling along a
uniform magnetic eld which is frozen into an ideal plasma. The vertical direction is the
direction of the badkground magnetic eld and of the wave propagation. Due to the tidal
interaction of the GW in the ideal plasma, the ambient magnetic eld is deformedperiodically
in space.
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Figure 1.21: The e ect of a GW travelling perpendicular (out of the paper) to a uniform
magnetic eld which is frozen into an ideal plasma. The tidal deformations are indicated
with curved, dashedlines. The bold and dashedarrows are magnetic eld lines half a wave
cycle apart. Despite the tidal distortion, the eld lines remain straight! Howewer, despite the
fact that the GW distortions are divergence-freethe magnetic eld is periodically compressed
and generatesa Fast Magnetosonic Mode in the samedirection asthe GW, i.e. out of the
paper.
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The ionization in the winds of hot stars

The most sensitive indicators for the detection of massloss from hot stars are the PCygni
proles in the UV spectrum. Unfortunately the determination of the massloss rate from
theselines is seriously hampered by the poor knowledge of the ionization stagesof the di er-
ert elemerts in the winds of hot stars. In order to solve this problem, H. Lamers, together
with S.Haser(Munich), A. de Koter (Amsterdam) and C. Leitherer (Baltimore) have derived
the ionization fractions of the most frequertly obsened elemernts, C, N, and Si in the winds
of hot luminous stars. They used a large set of stars with massloss rates known from H
or radio obsenations to derive empirical ionization fractions of these elemens as a function
of temperature and luminosity of the stars. Basedon the result they provide empirical for-
mulae betweenthe column densitiesof the CIll, CIV, NIV, NV and SilV lines, that can be
derived from the P Cygni pro les, and the massloss rates of hot stars. They show that
the masslossrates can be derived from UV PCygni pro les with an accuracy of about a fac-
tor two if only oneof the ionsis obsened and with higher accuracyif all v eions are obsened.

The bi-stabilit y of stellar winds

The empirical relation betweenthe wind velocity and escape velocity of massiwe stars shavs a
curious jump around spectral type B1, i.e at e ectiv e temperaturesof about 21000K. For hot-
ter stars the ratio is v1 =Vesc = 2:6 but the ratio suddenlydropsto 1.3 at lower temperatures.
A similar jump may exist near spectral type AO. Theseso-calledbi-stability jumps indicate a
suddenchangein wind characteristics within a narrow temperature range. H. Lamers and J.
Vink, together with A. de Koter (Amsterdam) have studied the physical explanation of this
discortinuity and the possibleconsequencdor drastic changesin the masslossrate when a
star ewlveso the main-sequence.They found that the bi-stability jump is due to a change
in the ionization of the metals, mainly Fe, in the lower part of the wind. When the tem-
perature of a star drops belov about 23000K, the ionization of Fe changesfrom Fe*** to
Fe** and the number of spectral lines that can drive the wind by radiation pressuresuddenly
increasedrastically just above the photosphere. This implies a sharp increasein massloss
rate, by about a factor 4. Given the amourt of radiation pressurethat can be produced by
the spectral lines, the steepincreasein masslossis accompaniedby a steep decreasen the
wind velocity. This nding has e ects on the massloss history and henceon the predicted
ewlution of massiwe stars.

New predictions for the mass loss rates of massive stars.

The ewlution of massiwe stars is strongly a ected by massloss. The masslossrates depend
on the chemical composition of the stars and thereforethe masslossrates and the ewolution of
stars will bedi erent in metal-rich and metal-poor galaxies. H. Lamersand J. Vink, together
with A. de Koter (Amsterdam) have calculated the masslossrates of an extensive grid of star
with massesetweenl15 and 120solar massesg ectiv e temperaturesin the range of 12500to
50000K, luminosities between10*:5 and 10°:25L and with metallicities between 0.01 and
3 times the solar value. The winds are driven by the radiation pressureproduced by huge
numbers of spectral lines, of order 10° to 10P. The radiation pressureis calculated by numer-
ically shooting photon-packagesfrom the photosphereinto the wind and following the path
and history of the photons as they di use outwards undergoing scattering, absorption and
reemission. The major improvemern of this procedure comparedto previous masslossrate
predictions is that multiple scattering of photons is taken into accourt. This results in sig-
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ni cantly higher masslossrates than in previous predictions. The new predictions are tested
by meansof a comparisonwith obsened massloss rates of dozensof stars in the Galaxy,
and in the LMC and SMC, which have a lower metallicity. The agreemeh betweenthe new
predicted and the obsened masslossrates is good for Galactic stars and satisfactory for the
starsin the LMC and SMC. Simple t formulae were derived that expressthe masslossrates
as a function of the stellar parameters (M, L, R, T ) and metallicity. This description of
the masslossrate is now being usedby seweral groups who calculate stellar ewolution.

The formation of outo wing disks

Winds from fast rotating stars are highly attened and resenble out o wing equatorial disks.
The degreeof attening is much stronger than can be explained by certrifugal e ects only,
and the origin of the disks is unknown. H. Lamers, I. Pelupessyand J. Vink have calculated
the radiation driven winds of rapidly rotating massie stars, taking into accourt the e ects of
rotational attening of the star, polar brightening by the von Zeipel e ect, and consenation
of angular momertum. They found that normally thesee ects cannot explain the obsened
out o wing disks of B[e] supergiants. Howewer, if the star has an e ective temperature of
about 25000to 30000K, then the wind may be bi-stable in the sensethat the wind from
the polar regionshave a high velocity (103 km/s) and a low density, whereasthe wind in the
equatorial region has a low velocity (10° km/s) and a high density, with a steep transition
betweenthe polar and the equatorial region. The resulting high density cortrast of a factor
10 betweenthe two regions may be responsible for the disk-like appearanceof the winds of
Ble] stars.

The nature and evolutionary phase of the B[e] stars

Many luminous stars of spectral type B shov forbidden emissionlines (indicated by [e]) in
their spectra, revealing the presenceof a large amount of low-density gas around or very
closeto the star. This can occur in seeral ewlutionary phases.H. Lamers, together with L.
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Houziaux (Mons), D. de Winter (Porto), F-J. Zickgraf (Strassbourg) and J. Zorec(Paris) have
determined durich wich ewlutionary phasethis may happen. They de ned a new spectral
classi cation schemefor B[e] starsthat indicatesthe ewolutionary phase. They distinguish v e
classes:(a) B[e] supergians = \sgB[e]-stars", (b) pre-main sequenceB|e] stars = \HaeB|e]
stars", (c) compact planetary nebulae stars = \cPNB[e]-stars", (d) symbiotic BJ[e] stars =
SymBjle]-stars" and (e) B[e] stars with unknown ewlutionary phase= \unclB[e]-stars". They
de ned the spectroscopiccriteria for ead classand preserted a cataloguewith all known Ble]
stars together with the new classi cation accordingto the ewlutionary phase.

The Baldwin eect in Wolf-Ra yet stars

Wolf-Rayet stars are the end-stageof massiwe stars before they explode as supernovae. The
strength of the emissionlines in the spectra of Wolf-Rayet stars is correlated with the lumi-
nosity of the continuum at the wavelength of theselines (this relation is called the \Baldwin

e ect”). This implies that in principle the equivalert width of the lines can be usedto derive
the luminosity and hencethe distance of these stars. H. Lamers and J. van Gent, together
with A. de Koter (Amsterdam) have studied the formation of spectral linesin the densewinds
of Wolf-Rayet starsin order to understand the nature of the Baldwin e ect and its application
as a distance indicator. Basedon theseresults, a method for the determination of distances
from the equivalent widths of emissionlines of Wolf-Rayet stars was preseried. The method
was tested for Wolf-Rayet stars in the Magellanic Clouds which have a known distance. The
agreemen betweenthe distancesderived from the Baldwin e ect and the actual distancesis
very good. An application of the method for distance determinations of Galactic Wolf-Rayet
stars also shav good results, exept for the late-type N-rich Wolf-Rayet stars (WNL).

Mass loss rates of Wolf-Ra yet stars

The formation of black holesasend products of massiwe star ewolution dependson the amourt
of massthat is lost during the phasewhen massiwe stars are Wolf-Rayet stars before they
explode as supernovae. H. Lamers, together with T. Nugis (Tartu) have studied the mass
loss rates of Wolf-Rayet stars, based on spectra in the UV and optical wavelengths range
and on radio ux measuremets. Sincethe densewinds of Wolf-Rayet stars are known to
be clumpy, the inhomogeneitiesin the wind were taken into accourt in the massloss de-
terminations. They derived empirical relations between the massloss rates and the stellar
parameters (luminosity, radius, mass and chemical composition) of Wolf-Rayet stars and
found that the masslossrate dependsstrongly on the luminosity and on the composition as
M ' 1:0 10 ' (L=L )¥?°Y17Z05 whereY and Z are the helium and metal abundance
fractions by mass. Thesemasslossrates are signi cantly smaller than previously adopted in
the ewlutionary calculations and facilitate the formation of black holes as end products of
the ewlution of massiwe stars.

The pulsations of Luminous Blue Variable stars

Luminous Blue Variable stars, which are the brightest and most luminous stars in the Galaxy,

shaw brightnessand colour variations of a bewildering variety, ranging from weeksto decades
or ewven certuries. H. Lamers and M. Bastiaanse, together with C. Aerts (Leuven) and H.

Spoon (Garching) have studied the fast microvariations of six of these stars with periods of

weeksto months. All stars undergo period changesby up to a factor 4 within a timescale
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of a few hundred days. For all stars the amplitude of the brightness variations increases
with increasing period. The slope of the correlation betweenthe amplitude and the period
decreaseswith increasingluminosity. The relation between brightness variations and colour
variations is also studied. A rst attempt to identify the modes of pulsation, basedon a
simple linear stellar pulsation model, shows that none of the modescan be explained by ra-
dial pulsations, but that the stars are pulsating in gravity-modeswith low quantum numberL.

P=41 days P=18.6 days

o I

Stromgren vy

8.7

Stromgren b

9.4

Stromgren v

9.6

Stromgren u

Ce I I S
6400 6450 6500 6550 7120 7140 7160 7180 7200

HJD (—2440000) HJD (—2440000)
Figure 1.24:

The chemical comp osition of circumstellar nebulae ejected by massiv e stars

The ewlutionary phaseof Luminous Blue Variables stars is not well known, becausethey
could be either post-main sequencestars or post-red supergiart stars. In order to understand
the ewlution phaseof these stars H. Lamers and N. Langer, together with A. Nota (Balti-
more) and N. Panagia (Baltimore) have studied the chemical composition of these nebulae
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and tried to nd in which the matter was ejected. The nebulae are N-rich and O-poor, con-
trary to young main sequencestars. This shows that the ejection occurred when the star had
already lost the outerlayers with their initial composition. They found that the stars cannot
have beenred supergians, becausein that casethe convective mixing would have resulted
in a considerably higher N-abundance and lower O-abundancethan is obsened. The ob-
sened abundancessuggestthat the ejection occurred at the end of the main-sequencephase
or shortly thereafter. This implies that a considerableamount of mixing must have occurred
already during the main-sequencephase, of massiwe stars (M > 30M ), most likely due to
rotation-induced mixing. From the obsened chemical composition of the LBV-nebulae the
characteristic chemical mixing time within the star can be derived: it turns out to be a few
(2 to 4) times the main-sequencdifetime.

Dust around massive stars

The launch of the Infrared SpaceObsenatory (ISO) openeda new spectral window for the

investigation of dust around stars. H. Lamers and R. Voors, together with R. Waters (Ams-

terdam) and T. de Graauw (SRON Groningen) obsened the infrared spectrum of many hot

luminous stars for a systematic investigation of the properties of the dust around thesestars.
Since dust cannot exist in an ervironment hotter than about 1200 K, the surroundings of
hot stars are a hostile ervironment for the formation of dust. Sothe presenceof dust around

hot and luminous stars requires (a) an e ectiv e shielding against the radiation from the star

and (b) a su cien tly high density that allows the growth of dustgrains. The many spectral

signatures of dust in the 1ISO wavelength range, including a wealth of solid state emission
bands, allow an accurate determination of not only the amourt of dust and its temperature,

but alsoits composition and crystalline or amorphousstructure and on its formation. A be-
wildering variety in both the composition of the dust and in the location and structures of the

dust clouds around hot stars was found. The dust around most of the studied objects shows
the presenceof silicates, both crystalline and amorphous, indicating an oxygen-dominated
chemistry. The ISO spectra show the spectral signatures of olivines and pyroxenes,sud as
enstatite and forsterite, aswell as polycyclic aromatic hydrocarbons (PAH). The composition

of the dust around most Luminous Blue Variables indicates that the dust is formed under
similar conditions asin the densewinds of red supergians, although these stars have never
beenred supergiarts. The absenceof a clear crystalline cortribution in the spectrum of the

star HR Car points to a di erent formation condition of the dust than for the other Luminous
Blue Variables and therefore suggeststhat the matter is ejectedfrom the star by a di erent,

but unknown medanism. Three B[e] sipergiarts in the studied sample show the presenceof
warm silicate dust with temperature about 1000K. This supports the view that these stars
are surrounded by a thick expanding equatorial disk that shieldsthe dust from the intensera-

diation of the star. One supergiart, HD 87643,standsout a s peculiar, sinceit is surrounded
by alarge amount of cold dust of 150K. This shavsthat the star is surroundedby a Keplerian

disk, possibly stabilized by a binary companion. Three B[e]-starswith unknown ewlutionary

stage shawv a very rich spectrum of crystalline silicates (olivines and pyroxenes). We suggest
that thesestars are surrounded by a very long-lived, i.e. not expanding, circumstellar disk.

The discovery of pre-main sequence HAeBe stars in the Magellanic Clouds
The study of pre-main sequencestars of intermediate mass(2 to 20 M ) in the Large and
Small Magellanic Clouds is important for the understanding of starformation in galaxieswith
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Figure 1.25:

low metallicity, e.g. in the early Universe. H. Lamers and W-J. de Wit together with J-P.
Beaulieu (Paris) have studied the blue photometric variablesin the Magellanic Clouds (MC)
that are candidate pre-main sequenceHAeBe stars. The stars were discovered in the pho-
tometric obsenations of the EROS-project for the detection of black holes, and were called
Eros Large/Small Magellanic cloud H AeBe Candidate stars or ELHCs or ESHCs. Se\eral
dozensof ELHCs were discovered and their photometric variability lightcurvesover a period
of about two yearswere studied aswell asthe presenceof H emission. A detailed study of the
light and colour variations shows that the majority of the stars are in fact classicalBe-stars.
Howewer infrared obsenations suggestthat the stars ELHC5 and ELHCG6 are probably indeed
pre-main sequencestars. These stars are more luminous than their Galactic courterparts,
which is possibly due to a faster accretion rate than in Galactic stars. This might indicate a
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metallicity e ect on the formation of intermediate massstars.
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Disruption and surviv al of starclusters in dieren t galaxies

Starclustershave a nite lifetime becauseheir stars can be dispersedby internal e ects, suc
as dynamical relaxation or evaporation, or by external e ects, suc as a variable potential
due to the passageof giant molecular clouds or due to highly elliptical orbits of the cluster
in their host galaxy. H. Lamers and S. Boutloukos have studied the disruption timescale of
starclustersin regionsof di erent galaxies,basedon HST-WFPC2 photometry of magnitude
limited cluster samplesin M51 and M33, and on cluster samplesin the the SMC and the
solar neighbourhood, collected from the literature. Assuming that the disruption timescale
depends on the massand on the local conditions in the host galaxies, they found that the
disruption time can be written astgis; ' ts (Mg=10*M ) , where M is the initial cluster
massand t4 is the disruption time of clusters with an initial mass of 10°M . They found
that the exponet ' 0:62 is about the samefor all four galaxies,but that the constart t4
di ers greatly in the di erent regions. The shortest disruption time of t4 = 40 Myr is found
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near the nucleusof M51 and the longestdisruption time of t, = 8 Gyr is found in the SMC.

Starformation in Interacting Galaxies

The starformation rate in interacting galaxiesis considerably higher than in non-interacting
galaxies. H. Lamers, N. Bastian, A. Bik and W-J. de Wit, together with N. Panagia (Balti-
more), S. Scuderi (Catania), M. Romaniello (ESO) and M. Spaans(Groningen) have studied
the starformation in the interacting galaxy M51, which had a closeencourter with its com-
panion NGC 5194 about 310% yearsago. A new and accurate method for the determination
of ages,massesand extinction of star clusters, basedon WFPC2-photometry obtained with
the Hubble SpaceTelesco, was developped. They found a huge starburst of 4107 stars with
an ageof about 300 Myrs in the nucleusof M51. This starburst is obviously triggered by the
interaction with the companion galaxy during closeencourter. The nucleusis surrounded by
a bulge that is dominated by very old stars (age> 5 Gyr). The inner spiral arms, at a dis-
tance of 1 to 3 kpc from the nucleus,do not show evidencefor enhancedstarformation during
the closeencourter. However, se\eral dozensof bright blue point sourceswere found within
the bulge. A study of their spectral energy distribution shows that theseare young and very
massiwe stars with agesup to about 20 Myr. Contrary to young massiwe stars in our Galaxy;,
thesestars seemto be formed outside stellar clusters. It is suggestedhat the stars are formed
from hot cloudsthat had ine cien t cooling becausethe CO-moleculeswere destroyed by the
intenseradiation from the nearby starburst in the nucleus. If this explanation is correct the
ongoing processof starformation near the nucleusof M51 may resenble the starformation in
the early Universe.
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(&) Negative F439W image of M51
taken with the HST-PC. The eld
is 36°8 36°%7 or 1.48 1.48 kpc.
The nucleus and the spiral arms are
clearly visible. The rectangle indi-
cates the \bulge region" that is en-
larged in Fig. 1.27(b). The dust
lanes in the bulge follow a spiral
structure asif they are the inner ex-
tensions of the spiral arms seen at
larger distance.

59

(b) Negative F439W image of the
region of 11%° 16° or 450 650
pc around the nucleus of M51 ob-
served with the HST-PC camera.
Apart from the nucleus and the dust
lanes, the region has a smooth struc-
ture with colours indicating an old,
greater than 5 10° yr, population.
The four elds, usedfor studying the
extinction curve and the location of
the \bulge point sources", are indi-
cated.



Blac k hole progenitor masses in binary systems

In order to investigate stars of which initial massesproduce black holesin closebinary sys-
tems, N. Langer together with C. Fryer (Los Alamos), A. Heger (Chicago) and S. Wellstein
(Potsdam) modelled the ewlution ofa60M +34 M closebinary from zeroageuntil the rst

supernova and beyond. They found that, for six di erent models with di erent assumption
on the uncertain stellar wind masslossin the Wolf-Rayet phaseof the 60M star after the
major masstransfer phase,its massat collapsecan bein the rangefrom 3M to 11M . All

six models have beenfollowed through iron core collapseand bounce,with strong supernova
explosions(Eyin > 10°1 erg) found for the lower nal massesand direct collapseof the star
into a black hole only for the largest nal mass. Correspondingly, the nal compact object
masseswhich were computed by following the supernova ewolution and fall badk of material
for a time scaleof about one year, were found to bein the range 1.2M to 11M . These
results imply that so-called CaseB ewlution for black hole binary progenitors can not be
excluded, but the production of -ray bursts | which could only occur during direct black
hole formation | from the initially more massiwe star in CaseA or CaseB binaries appears
unlikely.

CNO abundances from B stars in the Large Magellanic Cloud

Through the ESO Very Large Telesco and the e cien t high resolution spectrograph UVES,
detailed abundance studies of upper main sequencestars in the Magellanic Clouds became
possible. Using these instruments, the He, C, N, O, Mg and Si abundancesof four B stars
in the the LMC star cluster NGC 2004 has been determined by spectroscopic obsenations
by N. Langer together with A. Korn and N. Przybilla (Munchen), S.C. Keller (Livermore),
A. Kaufer (ESO, Chile) and O. Stahl and B. Wolf (Heidelberg). For none of the stars,
abundanceanomaliesdue to closebinary interaction or rotationally induced internal mixing
processedave beenfound. Therefore, this study allowed for the rst time a comparison of
H 11 region abundanceswith those of unewlved B stars in the Magellanic Clouds. While the
carbon abundancein H Il regionswas found to be signi cantly lower than in the B stars |
possibly due to dust depletion | the oxygen and nitrogen abundanceswere in agreememn In
particular, the B star nitrogen abundancecon rmed the extraordinarily low nitrogen abun-
dancein the LMC as previously inferred from the H Il region measuremets.

Testing rotational mixing: Boron in main sequence B stars

As a test of the e ects of rotation in massiwe star ewlution, N. Langer with K.A. Venn and
A.M. Brooks (Saint Paul), David Lambert (Austin), M. Lemke (Bamberg), D.J. Lennon (La
Palma) and F.P. Keenan (Belfast) have obtained and analysedHST STIS spectra near 2066 A
in six main-sequenceB-stars to determine boron abundances.Boron wasfound to be depleted
in all but two stars, and usually with an increasein nitrogen. Only one star, HD 36591,was
well-o of the predictions of stellar ewolution models with rotation, with a strong reduction
in boron but no signi cant nitrogen enhancemen This star is in the Orion OB1 assaiation,
where 4 other B-stars showved normal boron. These results con rmed that boron may be
se\erely depleted in otherwise normal B stars, and support the idea of rotational mixing in
stars being responsible.

Morphology and Galactic Distribution  of Planetary Nebulae
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The averagedistance of Planetary Nebulae from the Galactic plane has beenfound to be a
strong function of the morphological type of the nebula. N. Langer with G. Garc a-Segura
(Ensenada), J. Franco and J.A. Lopez (Mexico City), and N. Rozyczka (Warszava) con-
structed multi-dimensional MHD models of the formation of Planetary Nebulae, including
e ects of rotation and magnetic elds of the certral star. They found that stars more mas-
sivethan 1.5M may in fact cortain enoughangular momertum to form bipolar Planetary
Nebulae while lower massstars may form elliptical Planetary Nebulae| the former are in
fact lesscon ned to the Galactic plane than the latter. It was further discussedthat close
binary e ects may lead to point-symmetric Planetary Nebulae.

The progenitors of Type la supernovae

Close binaries consisting of a main sequencestar and a white dwarf are consideredas can-
didates for Type la supernova progenitors. N. Langer together with A. Deutschmann and
S. Wellstein (Potsdam) and P. He ic h (Austin) performed selfconsisteh calculations of the
time dependenceof the structure of the main sequencestar, the masstransfer rate, and the
orbit by meansof a binary stellar ewlution program. They obtained, for the rst time, a
completepicture of the time ewlution of the masstransfer rate in sud systems. In cortrast to

results basedon simple estimates of the masstransfer rate in systemsof the consideredtype,
their results allowed for the possibility that even systemswith rather small initial white dwarf
masses( 0:7M ) may produce Type la supernovae, which then might originate from very
rapidly rotating white dwarfs. The calculations were performed for two di erent metallici-

ties, Z=0.02 and Z=0.001. It wasfound that for systemswith the lower metallicity, the mass
transfer rates are on average v e times larger than in comparable systemat solar metallicity.

This wasfound to lead to a systematic shift of the supernova la progenitor population, with

the possibility to induce a metallicity dependenceof the supernova explosion. This metallicity
dependencedfurther implied a a signi cant drop of the Type la supernova rate towards low
metallicity.

The evolution of helium accreting CO-white dwarfs

In the context of theoretical study to identify ewlutionary paths which may leadto Type la
supernova explosions,S.-Y. Yoon and N. Langer constructed models of helium accreting CO-
white dwarfs. Special emphasiswas give to the accretion of angular momertum and the
ensuinge ects of strong di erential rotation in the white dwarf | which had obtained little

attention previously. For modelswith arelatively high accretionrate, which allowed the white

dwarf to steadily transform the accreted helium into carbon and oxygen through thermonu-
clear burning, it wasfound that this burning, which often occursin a thermally unstable way
in non-rotating models, could be stabilised due to the spatial spread of the burning layers
induced by shearmixing (Fig. 1.28). At the time when the investigated white dwarf mod-
els reathed the Chandrasekharmass, strong di erential rotation was found to about in the
middle of the white dwarf body, which could strongly in uence the ensuing explosion. For
models with low accretion rate, which pile up the helium in a strongly electron degenerate
layer instead of burning it, signi cant mixing betweenthis helium layer and the CO white
core was found, which might change the current view of the so-called sub-Chandrasekhar
scenariofor Type la supernovae.
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Figure 1.27: Maximum achievable CO-core massas function of the initial massof the main

sequencestar, for closebinaries consisting of a main sequencestar and a white dwarf, accord-
ing to Langer et al. (2000). Computations were done for various initial white dwarf masses
and for the two metallicities consideredhere, asindicated. Those modelsleadingto CO-core
massof more than 1.4M are not meart to imply the existenceof sud massiwe white dwarf,

but to elucidate the amount of masswhich is available to the accreting white dwarf with a

masstransfer rate such that white dwarf masscould grow.

The evolution of massive close binaries

Together with S. Wellstein (Potsdam) and H. Braun (Garching), N. Langer performed ewvo-
lutionary calculations for 74 closebinaries systemswith initial primary massesn the range
12..25M , and initial secondary massesbetween 6 and 24M . The initial periods were
chosensud that massover ow would start during the core hydrogen burning phaseof the
primary (CaseA), or shortly thereafter (CaseB). They investigated the borderline between
contact-free ewolution and corntact asa function of the initial systemparameters. The fraction
of the parameter spacewhere binaries may ewlve while avoiding cortact - which wasfound to
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be small for the least massi\e systemsconsidered- becameeven smaller for larger initial pri-
mary masses.At the upper end of the consideredmassrange, no contact-free CaseB systems
were found. While for primary massesof 16M and higher the CaseA systemsdominated
the contact-free range, at primary massesof 12M contact-free systemswere more frequent
for CaseB. The drop of the exponert x in the main sequencenass-luminosiy relation of the
foom L MX wasidentied asthe main causefor this behaviour. The obsenable properties
of all computed systemsafter the major masstransfer evert have been derived, when the
massgainer is a main sequenceor supergiart O or early B type star, and the massloseris a
helium star. It waspointed out that the assumption of consenative ewlution for contact-free
systemscould be tested by obsenations of helium star companionsto O stars. Those are also
predicted by non-consenrative models, but with di erent periods and massratios. Strategies
for increasingthe probability to nd helium star companionsin obsenational seart programs
were suggested.

Formation of high-mass X-ray black hole binaries

Togetherwith G.E. Brown, C.-H. Lee, and H.A. Bethe (New York), A. Heger (Santa Cruz),
and S. Wellstein (Potsdam), N. Langer investigated the ewlutionary origin of high-mass X-
ray black hole binaries like Cygnus X-1. They showed that in order to ewlve a black hole
of morethan 10M sud asobsenedin Cyg X-1, even employing extreme progenitors of
more initially than 60M for the black hole, it wasfound that the core must remain covered
by hydrogen during a substartial fraction of the core helium burning phase. In other words,
the progenitor must be a Wolf-Rayet star of spectral type WNL. As this condition is not
fullled in so-calledCaseA and CaseB binaries, wherethe envelope of the more massiwe star
is transferred to the companion by Roche Lobe over ow either while the black hole progeni-
tor is on the main sequenceor immediately thereafter, these systemswere found unlikely to
produce massiwe black holes.

Neutron Source and s-pro cess Nucleosyn thesis in AGB stars

Obsenations of heavy elemerts in red giant stars clearly show that low-massAGB stars pro-
vide a nucleosynhesis site of the s-process. Stellar ewolution models produced over the last
yearsindicate that radiative burning of 13C between succeedingthermal pulsesin low-mass
AGB star models may indeed provide the neutrons for the s-process. Howewer, although
it seemsclear that somemixing betweenthe proton-rich envelope and the carbon-rich core
may lead to the production of 13C, the physical mecanism responsible for sud mixing is
not yet unambiguously identi ed. Togetherwith F. Herwig (Victoria), N. Langer performed
stellar ewolution calculations which include mixing due to convective overshoot and rotation.

Overshoot, with a time-dependert and exponertially decaing e ciency, lead to a partial

mixture of protons and 12C during the third dredge-up, when the ervelope corvection zone
reached deepinto the core. According to the depth-dependert ratio of protons and '°C, a
small 12C pocket formed underneath a 1*N-rich layer. Overshaot did not allow for any mixing
after the envelope corvection zoneretreats at the end of the third dredge-upafter ead pulse.
Rotation introduced mixing driven by large angular velocity gradients which formed at the
envelope-coreinterfacein AGB stars, in particular after a thermal pulse. This leadto partial

mixing after a pulse, asin the caseof overshoot. However, both medanisms were found to
di er during the interpulse phase. Rotation cortinued to mix the region of the 3C-pocket.
This did not only spreadthe 13C-pocket, but alsothe more massiwe *N-rich layer, and nally
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lead to mixture of both layers. By the time when the temperature there had risen to about
910’ K and neutron production setin, the 1*N abundanceexceededhe 13C abundanceby a
factor of 5...10. The role of 1*N as a neutron poisonwas analysedqualitativ ely. It wasfound
that aslong as **N is more abundant than 1°C, the s-processwill still be possibleto occur
under radiativ e conditions.

Cosmic rays formation and transp ort

Together with P.L. Biermann (Bonn), E.-S. Seo (College Park), and T. Stanev (Barthol),

N. Langer proposedto di erentiate the various supernovae by the massof their progenitor
star along the zeroagemain sequence.Stars betweenabout 8M and 15M explodeinto the
interstellar medium, and acceleratecosmicrays, as discussedby many for sometime. From
about 15M to 25M stars explode into their own stellar wind; this wind has built up a
thin shell of both wind material and interstellar medium material in the red and blue giant
phasesprecedingthe supernova evert. The shock which is accelerating cosmicray particles
racesthrough that wind, getsloadedup with energeticparticles, interacts while it goes,and
nally smashesdnto the shell. While the shock goesout, it snovplows the ertire wind into the
pre-existing shellto form a composite shell. It wasproposedthat for the massrangel5M to
25M this composite shell is immediately broken up sothat the time scalefor interaction is
causedby the breakup and sois convective. The wind material for this initial massrangeis a
approximately half helium, and half hydrogen. The interactions in the composite wind-shell
and the immediate environment produce positrons, gammaemission,but only few secondary
nuclei, becausefor this massrange the enrichment in heavier elemens is still minor. The
energyspectrum of the gammaemissionand the positrons producedwasfound to correspond
to the sourcespectrum. In contrast, from about 25M and up the wind is strongly enriched
in heavy elemerts, and the wind shellis massiwe, comprising most of the initial zeroagestar's
mass, as well as a good part of the local interstellar medium. It was proposedthat for the
interaction of the cosmic ray particles carried out by the shock in the snow-plow through
the wind to the shell the interaction is di usiv e. This was found to lead to a leakage time
energy dependenceof E 57 in the relativistic limit. This then gave an energy dependenceof
secondarynuclei, that matchesthe obsenations.

Discovery of a bip olar shell around heavily reddened LBV candidate

Togetherwith S.J. Clark (Brighton) and I.A. Steele(Liverpool), N. Langer performed high-
resolution and signal-to-noiseratio near-IR obsenations of the certral object and nebula of
G25.5+0.2, a heavily reddenedLuminous Blue Variable candidate. Imaging revealedthat the
nebula shows a striking bipolar morphology, reminiscent of the Homunculus Carinae. Two
complete limb-brightened lobes were found, with an apparert double-nestedequatorial ring
system. Two additional jet or paddle-like features also appearedto be presen in the equa-
torial plane of the nebula, apparertly emanating from the certral star, again in a manner
reminiscert of the Homunculus. The H | and He | nebular emissionline spectrum, which
samplesprimarily the equatorial ejecta, suggesteda peak projected expansion velocity for
this material of 180 km s !, implying a kinematic age of about 2500yr. The high stellar
temperature implied by the K band spectrum suggestedan unusual evolutionary history for
G25.5+0.2, pointing to closebinary interaction asthe most likely origin for the LBV outburst
which producedthe nebula, in this case.

64



Presup ernova evolution of rotating massive stars

Together with A. Heger (Santa Cruz), N. Langer investigated the ewlution of the surface
properties of modelsfor rotating massiwe stars, i.e., their luminosities, e ectiv e temperatures,
surfacerotational velocities, and surface abundancesof all isotopes, from the zero-agemain
sequenceto the supernova stage. The results were basedon a grid of stellar models which
covers solar metallicity stars in the initial-mass range 8-25M . Rotationally induced mixing
processesvere found to widen the main sequenceand to increasethe core hydrogen-burning
lifetime, similar to the e ects of convective overshooting. It could also signi cantly increase
the luminosity during and after core hydrogen burning, and strongly a ect the ewlution of
the e ectiv e temperature. The new models predicted surfacerotational velocities for various
ewlutionary stages,in particular for blue supergiarts, red supergiarnts, and for the immediate
presupernova stage. Signi cant changesof the surfaceabundancesdue to rotationally induced
mixing for main sequenceand post-main-sequencestars were found. Two characteristics by
which the e ect of rotational mixing can be distinguished from that of massiwe closebinary
mass transfer, the only alternative processleading to nonstandard chemical surface abun-
dancesin massiwe stars, were identied. A comparisonwith obsened abundanceanomalies
in various types of massiwe stars was found to support the concept of rotational mixing in
massiwe stars.

The evolutionary history of Wolf-Ra yet binaries

In order to investigate which fraction of the masswhich is transferred during a Roche lobe
over ow phasein a massiwe binary system can actually be accreted by the mass gainer,
J. Petrovic and N. Langer, together with S. Wellstein (Potsdam) studied binary ewlution
models which include a so-calledWolf-Rayet star, i.e. a massiwe star which has lost most or
all of its hydrogen-rich envelope. It wasthe aim to confront existing obsenations of 20 or so
Wolf-Rayet binaries| which consistof a Wolf-Rayet star orbiting a massive O star | with a
newly developed quartitativ e theory for masslossfrom the binary systemduring Roche lobe
over ow, which is the rst of its kind. The new medanism relieson conbining constraints on
the angular momertum budget in the accreting star with considerationsabout its radiation
eld, leading to the prediction of a certrifugally supported radiation driven wind when the
star gets closeto critical rotation at its surface. It was found that, depending on the initial
con guration of the binary system,in particular the initial massratio and orbital period, both
situations are possible,signi cant accretion or out o w of most of the over owing matter. A
detailed comparison of these models with obsened short period Wolf-Rayet binaries with a
hydrogen-free Wolf-Rayet star of spectral type WNE was found to lend strong support to
such models. The binary ewlution models with rotation were also found to make distinct
predictions about the spin rates of compact objects producedin binary stars. In particular,
the strong spin-down of the massloserwas found to lead to neutron spin periods of the order
of 1 sor less(Fig. 1.29).
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Figure 1.28: Logarithm of the nuclear luminosity L ¢ = RM "nucdM¢, i.e. the integral of the
nuclear energy generationrate ", over the star, for alM CO white dwarf which accretes
helium at arate of 10 ®M =yr. In the upper panel, rotationally induced mixing is neglected,
in the lower panel it is included.
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Figure 1.29: Equatorial rotation velocity for primary (dashedline) and secondary(solid line)
componert of a 16M + 15M system with an initial orbital period of 3 d as function of
time, from an ageof 7 Myr, i.e. well beforethe onset of masstransfer, until the time of the
supernova explosion of the primary. The four di erent masstransfer phaseswhich occur in
this systemare indicated; exceptfor the slov CaseA masstransfer they occur on the thermal
time scaleof the primary star. While the accreting secondaryis spun-up during masstransfer,
the masslosing primary su ers strong angular momertum loss.
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Stellar Ev olution

We studied the ewolution of naked helium stars (stars that have beenstripp ed of their outer
hydrogen-rich layers), the most massiwe of which, the Wolf-Rayet stars, are known to su er
from strong massloss. We computed the e ect of recerly determined mass-lossrates on
their ewlution, and found that much larger nal massesare possiblethan with previously
proposedmass-lossrates. This helps us to understand the formation of massiwe black holes
such as are obsened in seweral X-ray binaries. In collaboration with Jasinta Dewi, a PhD
student at the University of Amsterdam, we modelled the ewolution of helium starsin a binary
with a neutron-star companion. We found that masstransfer in these systemsis important
to understand the formation of double neutron-star binaries, which we obsene as binary
radio pulsars. Finally, in collaboration with JelenaPetrovic and Norbert Langer, we found
that very massiwe helium star models can develop very extended outer layers. By comparing
models computed with two di erent stellar ewlution codes,we concludedthat this expansion
is causedby the near-Eddington luminosity resulting from a large opacity bump in layers just
below the stellar surface.

We are also studying the ewlution and nucleosyrihesis of asymptotic giant branch (AGB)
stars, i.e. stars of intermediate massin their nal stagesof ewlution, in an ongoingcollabora-
tion with Christopher Tout, at the Institute of Astronomy in Cambridge, UK, and with John
Lattanzio and Amanda Karakas, at Monash University, Australia. In particular we study the
e ect of binary stars on AGB nucleosyrthesis and the formation of chemically peculiar binary
stars, such as barium stars, which are remnants of AGB stars in binaries. In the current
stage of this project we have started to parameterize detailed ewolution and nucleosyrhesis
models of the AGB phaserecerly computed at Monash University, and to implement this in
a binary population synthesis code.
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App endix A

Academic lectures

Lectures/Practica  given in 1996-2001 at Utrec ht Univ ersity

A. Achterb erg

1996/1997: Interuniversity Lecture: Accretion in Astrophysics
1997/1998: Interuniversity Lecture: The In ationary Universe
1996/2001: Structure and ewlution of the Universe
1999-2001:Astrophysics: Intro duction to Astrophysical Gasdynamics

J.A.M. Bleeker

1996/1997: Fundamenals of the Obsenational Astronomy GOST; SensorsSENS; Caput
Astr2: Obsenational Astronomy CAS2

1997/1998: Caput 2: Obsenational Astronomy

1998/1999: Caput 2: Obsenational Astronomy; SensorsSENS

1999/2000: Fundamertals of the Obsenational Astronomy GOST; Caput 2: Obsenational
Astronomy; SensorsSENS

2000/2001: Obsenational Astrophysics OAF1; SensorsSENS

2001/2002: Obsenational Astrophysics OAF1 and 2; SensorsSENS

J.P. Goedblo ed

1997/1998: Caput Astronomiae 1. Magnetohydrodynamics of astrophysical and laboratory
plasmas

1998/1999: Magnetism of the Heliosphere(4 lecturesin Solanki course)

1999/2000: Caput 1: Magnetohydrodynamics of astrophysical plasmas

2000/2001: Caput 1: Magnetohydrodynamics CAS1

A2001/2002: Caput Astronomiae 1: Magnetohydrodynamics of astrophysical plasmas

A.G. Hearn

1996/1997: tutorial STK1 and STK2
1998/1999: Astrovaria; Orientation
1999/2000: Astrovaria; Orientation

M.H. van Kerkwijk
1999/2000: Stellar Structure and Evolution
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2000/2001: Stellar Structure and Evolution
2001/2002: Stellar Evolution

J. Kuijp ers

1996/1997: Astrophysics 1 AFY1

1997/1998: Astrophysics 1, part b

1998/1999: Propaedeutic Practical Astronomy 1, 2 and 3 PPST, PlasmaAstrophysicsAFYD;
Interuniversity Course: Gravitational lenses

1999/2000: Practical Astronomy 1 P1ST1; Plasma Astrophysics AFYD

M. Kup erus

1996/1997: Physics foundations of astronomy A NGSA
1997/1998: Physics foundations of astronomy A

1998/1999: Physics foundations of astronony A

2000/2001: Practical astronony P1ST1 and 2; Astrovaria ASVA

H.J.G.L.M. Lamers

1996/1997: Intro duction to Astrophysics STK1; Astrophysics2, part B AFY2

1997/1998: Astrophysics Stellar Evolution;

1998/1999: Advancedstellar structure and ewolution;

1999/2000: Interuniversity Course: The history of the astronony

2000/2001: Star formation and stellar ewolution STKST

2001/2002: Practicual Astronomy P1ST1 and 2; STKST; Astrovaria ASVA; Star formation
and stellar ewolution STKST

1999-2001:A. Achterberg, J.M.E. Kuijp ers& H.J.G.L.M. Lamers: Astrophysicsand Cosmol-
ogy (University College)

N. Langer
2000/2001: Caput Nucleosyrthesis
2001/2002: Stellar Evolution STEV

R.J. Rutten

1996/1997: Physics foundations of astronomy B: Introduction radiation transport; Astro-
physics C: Radiation transport in stellar atmospheres

1997/1998: Physics foundations of astronomy B: Introduction radiation transport; Astro-
physics C: Radiation transport in stellar atmospheres; Propaedeutic Practical Astronomy
PPST

1998/1999: Physics foundations of astronomy B: Introduction radiation transport; Astro-
physics C: Radiation transport in stellar atmospheres; Propaedeutic Practical Astronomy
PPST Rutten/Solanki/Ho yng/Go edbloed: Solar and Stellar Magnetism

1999/2000: Physics foundations of astronomy B: Introduction radiation transport; Astro-
physics C: Radiation transport in stellar atmospheres;Doctoral practical astronomy DPST

2000/2001: Physics foundations of Introduction radiation transport; Astrophysics C. Radia-
tion transport in stellar atmospheres;Secondyear practical astronomy P2ST
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F. Verbunt

1996-1997:Astronomy STK1; Astrophysics1 AFY1; Caput Astr2: Obsenational astronomy
CAS2

1997-1998: Astrophysics 1, part a; Caput STK2, Obsenational astronomy; Propaedeutic
Practical Sterrenkunde PPST;

1998-1999:High-energy Astrophysics AFY A; Caput 2: Obsenational Astronomy;
1999/2000: Caput 2: Obsenational Astronomy

2000/2001:

High Energy Astrophysics HEA; Obsenational Astronomy CAS2; AstrophysicsA AFY A
2001/2002: High Energy AstrophysicsHEA; Obsenational astrophysics OAF2

E.B.J. van der Zalm, dr. S.J. Hogev een
1996-2001:Computer course

Lectures given in 1996-2001 in Utrec ht

A. Achterb erg, J.M.E. Kuijp ers & H.J.G.L.M. Lamers : 1999-2001:Astrophysicsand
Cosmology(University College)

M.H. van Kerkwijk
2001/2002: Interuniversity Collegeon Star Formation
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App endix B

Lectures given in the Netherlands

NO VA Autumn School

A. Achterb erg
1996-1997Accretion in Astrophysics
1998/1999: Cosmic Ray Physics

M.H. van Kerkwijk
2001: Stellar Evolution

H.J.G.L.M. Lamers

1996 - 1999 Stellar Winds and Massloss4 Nov 1997,\Observations and Theories of Stellar
Winds" NOVA-school, Dwingeloo, NL

5 Nov 1997,\Line driven winds" NOVA-school, Dwingeloo, NL

7 Nov 1997,\The e ects of masslosson stellar ewlution" NOVA-school, Dwingeloo, NL

Lectures at other Dutc h univ ersities

A. Achterb erg
1997/1998: Cosmic Ray Physics (University of Amsterdam)

J.P. Goedblo ed

Plasma Physics and Magnetohydrodynamics".

Courseof lectures, Free University Amsterdam, Septenber{December 1996.

Plasma Physics of the Solar System".

Courseof lectures, Free University Amsterdam, February{May 1999.

item Plasmas, 1 lecture in courseon Structure of matter, Free University Amsterdam, 6
March 2001
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App endix C

Lectures abroad

J.P. Goedblo ed

1997 Laboratory MHD EC Summerstiool on MHD wavesand Turbulencein Solar and Lab-
oratory Plasmas, Konigs-Wusterhausen,Germany, 4-5 Septenber 1997.

1998"Adv anced Magnetohydrodynamics”, Courseof lectures, Catholic University of Leuven,
February-April 1998

2001 Derivation MHD equations/ Plasma Equilibrium in tokamaks/ MHD instabilities”, 3
lectures, Carolus Magnus Summer School on Plasma Physics, Bad Honnef, 10{21 Septenber
2001.

J. Kuijp ers
Radio pulsars, University of Thessaloniki, GreeceMarch 1997

H.J.G.L.M. Lamers

1996 MassLossand Stellar Evolution, South American Post-graduate sdool, Rio de Janeiro,
Brasil

1997Theory and Obsenations of Winds from hot stars, EU-summersdiool, Brussels,Belgium
1998 Stellar Winds and Mass Loss, French-Canadian Post-graduate sahool, Strasshbourg,
France

R.J. Rutten

EC Masters, University of Porto, 1997, Stellar Atmospheres

EC Masters, University of Porto, 1998, Stellar Atmospheres

ESMN Summer School Oslo, 1999, Introduction to Radiative Transfer

Institute of Tecnology Bandung, 2000, Radiative Transfer in Stellar Atmospheres
EC Masters, University of Porto, 2000, Stellar Atmospheres

EC Masters, University of Porto, 2001, Stellar Atmospheres
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App endix D

Master theses (do ctoraal examens)

Maarten van Aalst, Hans Akkerman, Gerd-Jan Bartelds, M. Bastiaansen,Henk Bearda, Peter
Bozarov, Maureen van den Berg, Marcel van den Berg, Wouter Bergmann Tiest, Arjan Bik,

Andre Boerman, Miriam van Buren, Elfred Bus, Marc Camphens, Roel Collaris, Nick Cox,

Rutger van Deelen,lddo Doorerbos, Tom Dutilh, Joost Gietelink, Mike Harzewort, Marijk e
Haverkorn, Joost Hectors, BennoHessel Jeroen Homan, BasdenHond, Ferdi Hulleman, Peter
Jonker, Roel Kersten, Robin Klein Meulekamp, Marco Kouwenhoven, Thijs Krijger, Fabian
van Langewelde, Wim Lavrijsen, Joeri van Leeuven, Jannet Ligtenberg, Joachim Moortgat,

Gijs Nelemans,Jan-Willem Nienhuis, Omar Noor, Michiel van Noort, Guus Ooninckx, Mike
van Pamelen,Inti Pelupessy Luc Rouppe van de Voort, Daniel Roy, Arnold Scilham, Eugene
Schouw, Jos Sdreurs, Anand Sheonbar, Jacco Sloover, Marc van der Sluys, Danny Steeghs,
Marielle Stegeman,Remko Stuik, Peter Swaanervelt, Eric van der Swaluw, Conrad Tinkler,

Jurrien Veentuis, Michiel Veldkamp, Gregoor Versdwren, Jorick Vink, Rene Westermann,
Jorrit Wiersma, Willem-Jan de Wit, Gerd-Jan van Zadelho, Niels Zagers.

Ongoing master theses

CeesBassa,Marek Bosman, Paula Bronsveld, Peter van Glabbeek, Peter den Hartog, Gemma
Janssen, Thom Janssen, Folkert Koetswveld, Frans van der Lek, Joke Meijer, Aarnout van
Oosten, Jelle de Plaa, Arend-Jan Poelarends,Hansvan Rijn, Te e Sdneider, Alfred de Wijn.
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App endix E

Ph.D. Theses

1996:

S.F. PortegiesZwart; Interacting stars;

supervisor: Prof.dr. F. Verbunt

A.J.H. Ossendrijver; Fluctuations and energy balancein solar and stellar dynamos;
supervisors: Prof.dr. M. Kup erus, Prof.dr H. van Beijeren; dr. P. Hoyng (SRON)

H. Holties (FOM): Magnetohydrodynamic analysis of fusion plasmas: Advanced Tokamak
scenariosand MHD spectroscoyy;

supervisor: Prof.dr J.P. Goecbloed

S. Belien (UvA); Wave dynamics and heating of coronal magnetic ux tubes;

supervisor: Prof.dr. J.P. Goedbloed

1997:

J.W. Hartman ; The birth and ewlution of radio pulsars;

supervisor: Prof.dr. F. Verbunt

L. Achmad; Studies of Motions in the Atmospheresof Yellow Supergiarts;
supervisor: Prof.dr H.J.G.L.M. Lamers

K. Tziotziou; Dynamics of stellar coronae;

supervisor: Prof.dr. A.G. Hearn

N.M. Hoekzema;Statistical studies of dynamical structures in the solar atmosphere;
supervisor: Prof.dr. C. Zwaan

H.S. Koekkoek (TUE); Excitation medanismsof medium scaletravelling ionosphericdistur-
bances;

supervisors: Prof.dr. F.W. Sluijter and Prof.dr. M. Kuperus

1998:

N.A.J. Schutgens; Oscillating Prominences;

supervisors: Prof.dr. M. Kuperus;Dr. G.H.J. van den Oord

R. Nijb oer (VU); Wavesand instabilities of magnetotydrodynamic owsin ux tubes;
supervisor: Prof.dr. J.P. Goedbloed

1999:
J. Vink; The spectral X-ray morphology of the supernova remnants Cas A, RCW 86 and SN
1006;
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supervisor: Prof.dr.ir. J.A.M. Bleeker

H.J. Hagenaar; Flows and Magnetic Patterns on the Solar Surface;

supervisors: Prof.dr. M. Kuperus;dr. C.J. Scrijver and dr. R.J. Rutten, dr. J.S. Kaastra
R.H.M. Voors; Infrared studies of hot stars with dust;

supervisors: Prof.dr. H.J.G.L.M. Lamers;dr. L.B.F.M. Waters;

H.W. Hartmann; Modelsfor hot high-gravity atmospheresapplied to soft X-ray sources,
supervisors: Prof.dr. J. Heiseand Prof.dr. F. Verbunt;

A.P. Schoenmalers; A Population study of giant radio galaxies;

supervisors: Prof.dr. H. van der Laan and Prof.dr. H.G. de Bruijn (ASTRON)

M.L. van den Berg; Developmert of high resolution X-ray spectrometer basedon supercon-
ductive tunnel junctions;

supervisors: Prof.dr.ir. J.A.M. Bleeker; dr.ir. O.J. Luiten and dr. P.A.J. de Korte

2000:

M.D. Nauta; Two-Dimensional vortices and accretion disks;

supervisors: Prof.dr. J. Kuijp ersand Prof.dr. J.T.F. Zimmermann (IMA U)
M.L.A. Kouwenhoven; Pulsar Obsenations with the Westerbork Synthesis Radio Telescog;
supervisor: Prof.dr. F. Verbunt

J.I. van Gent; The Baldwin-e ect in Wolf-Rayet stars;

supervisor: Prof.dr. H.J.G.L.M. Lamers

J.S. Vink; Radiation-driven wind models of massiwe stars;

supervisor: Prof.dr. H.J.G.L.M. Lamers; co-promotor: dr. A. de Koter (UvA)
B. van der Holst (FOM); Magnetohydrodynamic wavesin rotating plasmas;
supervisor: Prof.dr. J.P. Goedbloed

2001:

M.C. van den Berg; Optical studies of X-ray sourcesin the old open cluster M67,
supervisor: Prof.dr. F. Verbunt

L.M. Kuip er; High-energy radiation from spin-down powered pulsars,

supervisors: Prof.dr.F. Verbunt, dr. W. Hermsen(SRON)

E. van der Swaluw; Supernova remnarts, pulsar wind nebulaeand their interaction,
supervisor: Prof.dr. A. Achterberg

W.J.M. de Wit; Pre-Main Sequencecandidate stars in the Magellanic Clouds,
supervisors: Prof.dr. H.J.G.L.M. Lamers;dr. J.P. Beaulieu

Ongoing Ph.D. theses

Nate Bastian, Remon Cornelisse,Carlo Ferrigno, Marcelo Fernandes(1 year on a Brasilian
stipend), Pui Kei Fung, Ferdi Hulleman, Rubina Kotak (Lund Univ.), Thijs Krijger, Joeri
van Leeuven, JelenaPetrovic, Marc van der Sluys, Marielle Stegeman,Jorrit Wiersma, Sung
Chul Yoon
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App endix F

Public Outreac h

Course "Morgensterren” (Morning  stars)

We started this short coursefor girls in 1995to make them interestedin astronomy. The main
reasonis that women are lesspresen in exact sciencegshan men, especially in the Dutch as-
tronomy. The courseis built up of two and a half days and is meart for schoolgirls in the age
of 15. It is intended to make them acquairted with astronony as a study at the University.
The programme includes se\eral lectures given by the sta of the Astronomical Institute.

Another part of the courseis observing with telescopes at the Sterrewact Sonnerborgh in
Utrecht. Solving problems on computers and making their own spectrograph is part of the
programmetoo. All items adjusted to their level, of course. A game ewvening - triviant with

guestionsconcerningastronony - is scheduledin for socializing.

Achterberg, A.: "How black is a black hole?", 1997-2001

van Kerkwijk, M.H.: \Lectures Morgensterren” 1998and 1999

Kuijp ers, J.: Lectures Morgensterren, 1995-1998

Lamers, H.J.G.L.M. : 1996-2001\Man betweenthe stars" Morgensterren, Utrecht, NL
Rutten, R.J. De grillige zon, 2000-2001

Verbunt, F., Star clusters, 1996-2001

Zwaan, C., The sun, 1996

HO V O-course

HOVO stands for higher education for older ones(Hoger Onderwijs voor Ouderen). It is a
foundation in which v e institutions work together. The courseon astronony is a course of
eight lectures given at the Physics and Astronomy Faculty by the sta of the Astronomical
Institute. Yearly another topic is stheduled.

1999

Structure of the Universe; The big bang and the creation of galaxies; Structure of stars; Cre-
ation of stars; White dwarfs and neutron stars; Black holes

given by: A. Achterberg, H.J.G.L.M. Lamers, J. Kuijp ers

2000
Planetoids, comets, meteors; Kuijp er belt, Oort clouds; The creation of planetary systems;
Planetary systemsat other stars/life elsewhere;Overview of the planetary system; Planets,
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moons and rings; The sun; Magnetic elds and planets
given by: A. Achterberg, J. Kuijp ers,H.J.G.L.M. Lamers, R.J. Rutten

2001

Origin and planets; Sun and planetary magnetospheresComet resernwirs, collisionsand plan-
etary rings; Comets, asteroids, meteorites, life elsewhereand other planetary systems

given by: H.J.G.L.M. Lamers, P. Hoyng, A. Achterberg, and R.J. Rutten

2002

Solar eruptions and are stars; novae and supernovae explosions;X-ray eruptions and gamma
rays; the big bang

given by: A. Achterberg, M.H. van Kerkwijk, H.J.G.L.M. Lamersand R.J. Rutten

Newspap er/p opular articles/TV

A. Achterb erg

Achterberg, A.: Is de oerknal nog te redden?, (Can the Big Bang Model be sared?), Zenit
24, 307,1997

Achterberg, A.. (Structure and Evolution of the Universe),in: Evolutie in Weer- en Ster-
renkunde, 100 jaar Nederlands Onderzoek, M. Drummen, C. de Jager & H. van Woerden
(Eds.). p. 135, Stichting 'De Koepel', Utrecht, 2001

M.H. van Kerkwijk

Van Kerkwijk, M.H., Kulkarni, S.R., 2000, The mystery of the lonely neutron star { the VLT
revealsbowshock nebula around RX J1856.5-3754 ESO pressreleasel9/00

Van Kerkwijk, M.H., 2001,A hot, lonely neutron star at age,(Een hete, eenzameneutronen-
ster op leeftijd), Zenit, 2001/1, 12{14 (main Dutch astronomy magazine,De Koepel, Utrecht)

H.J.G.L.M. Lamers

De eerste Ultraviolet Spectra, (The rst Ultraviolet Spectra), H.J.G.L.M. Lamers, 1996,
Zenit 23, 486-487

Is de Poolster gestopt met pulseren?, (Did Polaris stop pulsating?) H.J.G.L.M. Lamers,
1996, Zenit 23, 530-531

Waarom de dino's door hun poten zakten, (Why the dino's went through their legs),
H.J.G.L.M. Lamers, 1996, Skepter 1, 40-41

Eindstadia van sterren (Final stagesof stars) H.J.G.L.M. Lamers, 1997,Zenit 24,114-118

Gesol met de leeftijd van het heelal, (Romping with the age of the Universe), H.J.G.L.M.

Lamers, E. Echternach, 1997,Zenit 24, 160-163

Het onstaan van sterren en planeten stelsels,geziendoor de Hubble SpaceTelescog, The
birth of stars and planetary systems,seenby the Hubble SpaceTelescop, H.J.G.L.M. Lamers,
1999, De Vakidioot, 5, p. 13-22

R.J. Rutten
Rutten, R.: 1996,Ptysicsof the sunin and out of Utrecht, (Zonnefysicain en buiten Utrecht),
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Vakidioot 96/97{1, 2

Rutten, R.: 1996, Study with Hans Roserberg, in D. van Geeste.a. (Ed.), Almanak 1995-
1996, Studievereniging A-Eskwadraat, Utrecht, 134

Rutten, R.: 1997, The Dutch Open Telesco. I. Introduction, Vakidioot 96{97 nr. 6, 12
Rutten, R., Hammersdilag, R., and Bettonvil, F.: 1997, The Dutch Open Telescog. New
telescope at La Palma, Zenit 24,481

Rutten, R.: 1998, First light for the Dutch Open Telescog, Zenit 25, 69

Rutten, R.: 1999, Dutch Open Telescog: mirror on the draught, Natuur & Tedwniek 67
nr. 5, 70

Rutten, R.: 1999, Solar researt with the DOT, Vakidioot 1999{2000nr. 1, 2

Rutten, R.: 1999, Wat zagenwe NIET op 11 augustus?,(What did we NOT seeon August
11?), Zenit 26,472

Rutten, R.: 2001, Zwaarwichtige expedities, (Weighty expeditions), Vakidioot 2000{
2001nr. 3,2

Rutten, R.: 2001, Zonsonderzek met SOHO, (Solar reserat with SOHO), Vakidioot 2001{
2002,nr. 1

Rutten, R. J.: 1999, Verduisterde zonnefysici, (Eclipsed solar physicists), Reformatorisch
Dagblad Wetensdiapsbijlage, 29 mei

F. Verbunt

1997, Marcel Minnaert, Utrechts sterrekundige,in: A-Eskwadraat Almanak 218-222

1997, De Italiaans-Nederlandsesatelliet SAX en de doorbraak in het onderzcek naar de gam-
ma itsen Zenit 24, 498-504

1998, De grote klap: ontstaan en vergaanvan het heelal, in: Imagine the Universe,sympo-
sium Universiteit Twente, p.15-24

Van Kerkwijk, M.H., Kulkarni, S.R., 2000,\The mystery of the lonely neutron star { the
VLT revealsbowshock nebula around RX J1856.5-3754,"ESO pressreleasel19/00

2000,De natuurkunde in de 21eeewv, NederlandsTijdschrift voor Natuurkunde januari 2000,
6-11

2000,Van Cepheitot GR0O980425:de sterrenkundevan Jan van Paradijs, Zenit 27,111-115
2000, Wadhten op LISA: nauwe dubbelsterren, de Vakidioot aug 2000, p.20-26

Van Kerkwijk, M.H., 2001, \Een hete, eenzameneutronenster op leeftijd,” Zenit, 2001/1,
12{14

2001, Van Halley tot lunar ranging. De gestiedenis van onze dubbelplaneet (1), Zenit 28,
180-184

2001, VLBI, zonswerduisteringen, schelpjes en modder. De gestiedenisvan onze dubbelpla-
neet (2), Zenit 28, 290-296

2001, Sterrenkunde voor de uitvinding van de telescap Academistie Gids 28, 12-13

2001, Vorming en ontwikkeling van compacte sterren, in: Evolutie in weer- en sterrenkunde.
100jaar Nederlandsonderzcek ed., M. Drummen, C. de Jager, H. van Woerden, p.79-92
2001, Zwarte Gaten, Almanak Van der Waals TU Eindhoven, p.14-21

Public Lectures

A. Achterb erg
- "The rain of Cosmic Radiation", HOVO-course2000
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- "Einstein's biggest mistake", Dutch Physics Society (NNV), 6 April 2000.
- "Asteroids and Comets", HOVO-course2001
- "The Stability of our Galaxy", HOVO-course2001

H.J.G.L.M. Lamers

17 april 1996\The life of stars" Revius College, Doorn, NL

7 May 1996\Man betweenthe stars" Artis Planetarium, Amsterdam, NL

20 November 1996\The life of stars" NVWS, de Bosd, NL

14 Decenber 1996\Sup ernovae" NVWS, Heerlen, NL

14 Jan 1997\Man betweenthe stars" Studiekring, Voorsdioten, NL

7 Febr 1997\The ewlution of low massstars" NVWS, Hoorn, NL

14 Febr 1997\The birth of stars through the eyes of the Hubble SpaceTelescog"”, SRON,
Utrecht,NL

14 March 1997\The birth of stars through the eyesof the Hubble SpaceTelescog”, NVWS,
Hilversum, NL

6 April 1997\The birth of starsthrough the eyesof the Hubble SpaceTelescog”, Alumniday,
Utrecht, NL

25 April 1997\The birth of stars through the eyesof the Hubble SpaceTelescog", Introduc-
tionday, Utrecht University, Utrecht, NL

6 May 1997\Man betweenthe stars" Rotaryclub, Huissen,NL

29 July 1997\New Results of the Hubble SpaceTelescog", Dutch Club, Madison, USA

5 October 1997\The birth of stars through the eyesof the Hubble SpaceTelescoe", Science
week, Utrecht, NL

20 November 1997,\Man betweenthe stars”, Lyons club, Huissen,NL

10 Decenber 1997 \The birth of stars through the eyes of the Hubble Space Telescog”,
NVWS, Apeldoorn, NL

11 Decenber 1997 \The birth of stars through the eyes of the Hubble Space Telescog”,
NVWS, Haarlem, NL

27 Dec 1997,\Observing Starsin Chili", Radio de Bilt, NL

8 January 1998,\Man betweenthe stars”, Studiekring, Naarden, NL

26 March 1998,\The birth of stars through the eyesof the Hubble SpaceTelescog", NVWS,
Wormerveer, NL

17 April 1998,\The birth of stars through the eyes of the Hubble SpaceTelescog”, NVWS,
de Helder, NL

21 April 1998 \The birth of stars through the eyesof the Hubble SpaceTelescog", NVWS,
Leiden, NL

18 May 1998,\The birth of stars through the eyes of the Hubble SpaceTelescog", NVWS,
Roermond, NL

27 May 1998,\The birth of starsthrough the eyesof the Hubble SpaceTelescog"”, Hogestool,
Utrecht, NL

2 October 1998,\The birth of stars through the eyesof the Hubble SpaceTelescog"”, NVWS,
Hoorn, NL

6 October 1998,\The birth of starsthrough the eyesof the Hubble SpaceTelescog”, Hogestool,
Utrecht, NL

6 October 1998,\Man betweenthe stars", Woudkapel lectures, Biltho ven, NL

21 0October 1998,\The birth of starsthrough the eyesof the Hubble SpaceTelescog"”, NVWS,
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den Bosdh, NL

14 Novenmber 1998 \The birth of stars through the eyes of the Hubble Space Telescog",
JWG-NVWS, Tilburg, NL

23 January 1999 \The birth of starsthrough the eyesof the Hubble SpaceTelescog”, NVWS,
Nijmegen, NL

29January 1999 ,\The birth of starsthrough the eyesof the Hubble SpaceTelescog”, NVWS,
Alkmaar, NL

31 March 1999,\The birth of stars through the eyesof the Hubble SpaceTelescog", NVWS,
Arnhem, NL

6 April 1999 \The birth of stars through the eyes of the Hubble SpaceTelescog", NVWS,
Appingendam, NL

20 April 1999\The birth of stars through the eyes of the Hubble SpaceTelescog", Physics
Saciety, Utrecht, NL

7 October 1999,\Birth and death of the Sun" NVWS, Bussloo, NL

12 October 1999\The birth of stars through the eyes of the Hubble Space Telescog",
Hogestool, Utrecht, NL

19 Novenber 1999\The birth of stars through the eyes of the Hubble Space Telescog",
NVWS, Hogewen, NL

11 Decenber 1999,\Man betweenthe stars", Parentsday, Utrecht University, Utrecht, NL
10 January 2000,\Man betweenthe stars", Senior Scciety, Vlaardingen, NL

18 Septenber 2000,\The birth of stars through the eyes of the Hubble SpaceTelescog",
International Young Researbers Organiztion, ESTEC, Noordwijk, NL

26 Septenber 2000,\The birth of stars through the eyes of the Hubble SpaceTelescog",
Rotary Club, Huissen,NL

25 October 2000,\Man betweenthe stars", Morgensterren, Utrecht, NL

11 November 2000,\Man betweenthe stars”, Highschool Pupils-day, Utrecht, NL

6 March 2001,\The birth of stars through the eyesof the Hubble SpaceTelescog", Rotary
Club, Huissen,NL

13 October 2001,\The Universethrough the eyes of the Hubble SpaceTelescog”, Sympo-
sium \100 Yearsof NVWS", Utrecht, NL

21 November 2001,\The formation of planets and stars though the eyesof the Hubble Space
Telescog" AES2-Symposium, Utrecht, NL

22 November 2001,\The birth of stars through the eyes of the Hubble SpaceTelescog",
NVWS, Zwolle, NL

12 Decenber 2001,\Man betweenthe stars”, Probus, Elst, NL

R.J. Rutten

- NVWS Leiden 16/12/1997, \Zonsonderzoek met de Dutch Open Telesco"

- NVWS Hilversum 15/01/1999, \Zonsonderzoek met de Dutch Open Telescog"

- NVWS Amsterdam 28/04/1999, \Zonsonderzoek met de Dutch Open Telescog"
- NVWS Werkgroep Zon Tilburg, 14/11/1999, \Nieu we ontdekkingen op de zon"
- Woudsdotenconferertie Noordwijk erhout 11/12/1999, \De magnetistie zon"

- NVWS Tilburg 07/11/2000, \Zonsonderzoek met de Dutch Open Telesco"

- NVWS Assen16/02/2001, \Zonsonderzoek met de Dutch Open Telesco"

- Goirle 27/04/2001, \Vijf jaar SOHO"

- Masterclass\V orming van spectraallijnen”, VW O pupils, 18-19/10/1999
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- VARA television programme\De Ontdekking", 2001,\De grillige zon"
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App endix G

Visiting scientists

1996: Prof. Y. Tanaka (Tokio) Minnaert Guest Professor;dr. M. Raadu (Sweden); dr. H.
Spruit (Garching); Prof. P. Conti (Boulder) (ere-doctor) Minnaert Guest Professor;dr. J.-P.
Beaulieu (Paris).

1997: dr. Shinpei Shibata (Yamagata), April and May; Prof.dr. Leon Mestel (Brighton),
end of May and Oct/No v/Dec ; dr. RosemaryMardling in June; dr. Udo Gieselerin June;
dr. Vasiliki Pavlidou (Italy) 1 Oct - 31 Dec; Prof.dr. O. Engvold (Oslo), 1-4 Dec; dr. Roar
Skartlien (Norway), 17-30Nov; Inigo Arregi (Tenerife) Erasmus student, 21 July - 31 Oct;

1998: Prof.dr Carel Sdrijv er (Palo Alto), 20 Feb - 3 March; Prof.dr. Y.N. Istomin, 9 Feb -
31 July; dr. B.W. Lites (Boulder), 3-11 Nov.

1999: Prof.dr. S. Solanki (ETH, Zwurich, preserly Director of the Max-Planck Institut

fur Aeronomie, Lindau, Germany) Minnaert Guest Professor, January-March; Dr. Lydnsay
Fletcher (Glasgow), guest assistant professorApril.; dr. Claus Leitherer (MD, USA), 15-20
May; Sven Van Loo (Belgium) Erasmus student Jan - July; Prof.dr. Bob Hewitt (Sydney)
on sabbatical 9 April - 8 August; Prof.dr. V.M. Kaspi (Boston) 16-21 April; dr. N. Langer
(Potsdam) 1-3 June; Alexander Marcowith 5 July - 31 Decenber 1999; dr. Jean Philipp e
Beaulieu (Parijs), 12 July - 4 August;dr. Paul O'Neill (Canberra), 10 Aug - 5 Oct; Rubina
Kotak (Lund), sewraltimes asa PhD student of dr. M.. van Kerkwijk; Prof.dr. Arvad Sapar
(Tartu), 29 Nov - 6 Dec;dr. Tiit Nugis (Tartu), 17-23Jan; Stratos Boutloukos (T essaloniki)
Erasmus student Oct 99 - March 2000.

2000: dr. Valentina Sheminova ( Kiev), 5-27 Jan; Stefan Wellstein (Potsdam), PhD student
of Prof. N. Langer, 24-27 Jan and 1-5 May and 1-9 Nov; dr. Alexander Heger (Potsdam),
25-27 Jan; dr. Falk Herwig (Potsdam), 5-11 March; Silvia Scheithauer (Potsdam), student
of Prof.dr. N. Langer, Jan-March, dr. Kostas Tziotziou (Parijs), 14-19 April; Rubina Kotak
(Lund) PhD student of dr. M.H. van Kerkwijk, April - May; Prof. Don Melrose (Sydney),
15 May - 30 June; dr. Sasta Tubbesing(Heidelberg), 13-17July; dr. Marian Karlicky (On-
drejov) 4-7 Nov; dr. Iraida S. Kim (Russia) 4-7 Nov; dr. Petr Heinzel (Ondrejov), 4 - 7 Nov;
dr. J. Puls (Muenchen) 20-21Nov; dr. Janusz Sylvester (Poland) 6-7 Nov.

2001: Prof.dr Conny Aerts (Leuven) guest professor15 Jan - 28 Feb; dr. M. Groenewe-
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gen 25-27 Jan; Stephan Wellstein (Potsdam), 19-23 Feb; Prof.dr. Roman Kostik, dr. Na-
taliya Shcwkina and dr. Elena Khomenko (Kiev) 11-31 March; dr. Valertina Shemino/a
(Kiev), 14 Feb - 8 March; Prof.dr. S.L. Keil (Sunspot), 28-30 March; Prof.dr. O. von der
Lehe (Freiburg), 29-30March; dr. R.G.M. Rutten (Sta Cruz de la Palma) 28-30March; dr.
Alexander Heger (Potsdam), 14-21May; dr. Dannny Lennon (Sta Cruz, La Palma) 12 May -
2 June; Prof.dr L. Drury (Dublin), 5-7June,dr. YvesGallant (Saclay), 5-7 June; Prof.dr. A.
Maeder (Genewe), 24-27 April; dr. Shri Kulkarni (India); dr. Eric van der Swaluw (Dublin)
twice a few days; dr Lars Koesterke (Potsdam), 11-14July; Rubina Kotak (Lund) 19-26July
and 1-31 Aug; dr. Tiit Nugis (Tartu) as guest professor,4-30 Nov; dr. Jorge Sandez (La
Laguna) 19-24 Nov; dr. Tiit Nugis (Tartu), 4 Nov - 1 Dec; dr. FrancescoPalla (Firenze)
18-21Nov.
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App endix H

Work Visits Abroad

Achterb erg & Gallan t:
May 1999: Max-Planck-Institut fur Kernphysik, Heidelberg, Germany.

R.H. Hammersc hlag, F.C.M. Betton vil, P. Hoogendoorn & A. Jeagers
1996-2001ongoing work visits to La Palma, Dutch Open Telesco
Hammersdlag: Freiburg im Breisgau, Germary, 24-25Sept 2001

J. Kuijp ers

Thessaloniki, Greece,28 Sept - 1 Nov, 1999, work with Prof. L. Vlahos

Thessaloniki, Greece,12-19June, 1999, work with Prof. L. Vlahos and mrs. V. Pavlidou
Sydney, Australia, 9 Nov - 10 Dec, 1999, work with Prof. D. Melrose

M.H. van Kerkwijk

Van Kerkwijk: Massatussetsinstitute of Tednology & Center for Astrophysics, various col-
laborations, Dec. 1{6

Van Kerkwijk: California Institute of Tedwnology, collaboration with Prof. Shri Kulkarni,
Dec. 19, 1998{ Jan. 8, 1999

Van Kerkwijk: Universitat Kiel, colloquium and collaboration with Prof. Detlev Koester,
April 12{14, 1999

Van Kerkwijk: European Southern Obsenatory, Garching, Observing Programs Committee,
Nov. 30{ Dec. 1, 1999

Van Kerkwijk: Canadian Institute for Theoretical Astrophysics, colloquium and various col-
laborations, Feb. 14{18, 2000

Van Kerkwijk: Canadian Institute for Theoretical Astrophysics, various collaborations, May
15{19, 2000

Van Kerkwijk: European Southern Obsenatory, Garching, Observing Programs Committee,
June 6{7, 2000

Van Kerkwijk: Canadian Institute for Theoretical Astrophysics, various collaborations, Aug.
7{11, 2000

Van Kerkwijk: Institute for Theoretical Physics, Sarta Barbara, workshop on spin and mag-
netism in neutron stars, Oct. 2 { Nov. 4 and Nov. 20 { Dec. 7, 2000

Van Kerkwijk: University of Toronto, colloquium and various collaborations, Nov. 13{17 and
Dec. 18{22, 2000
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Van Kerkwijk: Canadian Institute for Theoretical Astrophysics, lunch talk and various col-
laborations, Feb. 19{23, 2001

Van Kerkwijk: University of California at Sarta Barbara, collaboration with Prof. Lars Bild-
sten, Feb. 26{27, 2001

Van Kerkwijk: Canadian Institute for Theoretical Astrophysics, various collaborations, April
9{12, 2001

Van Kerkwijk: Columbia University, lunch talk and various collaborations, May 14{18

Van Kerkwijk: Canadian Institute for Theoretical Astrophysics, various collaborations, May
21{25, 2001

Van Kerkwijk: European Southern Obsenatory, Garching, Observing Programs Committee,
May 29{30, 2001

Van Kerkwijk: Canadian Institute for Theoretical Astrophysics, various collaborations, Sep.
10{20, 2001

Van Kerkwijk: University of Scienceand Tednology of China, guestlectures, Oct. 22 { Nov.
2,2001

Van Kerkwijk: University of Toronto, Cornell University (Ithaca), Massatussetts Institute
of Technology (Cambridge), McGill University (Montrel), colloquia and collaborations, Nov.
9{24, 2001

Van Kerkwijk: Canadian Institute for Theoretical Astrophysics, various collaborations, Dec.
1{21, 2001

H.J.G.L.M. Lamers

University of Wisconsin, Madison, USA, 23 June - 18 August, 1997, work with Prof. J.
Cassinelli

Baltimore, USA, 16 Feb - 16 March, 1998 SpaceTelesco Sciencelnstitute

University of Wisconsin, Madison, USA, 29 June - 12 July, 1998,work with Prof. J. Cassinelli
Berlin, Germarny, 10 - 13 Feb, 1999, work with Prof. N. Langer

Baltimore, USA, 23 Feb - 22 March, 1999, SpaceTelesco Sciencelnstitute, work with dr.
A. Nota, dr. N. Panagiaand dr. M. Romanillo

University of Wisconsin, Madison, USA, 12-19 April, 1999, work with J. Cassinelliand E.
Willcots

University of Wisconsin, Madison, USA, 3 July - 27 August 2000, work with J. Cassinelliand
E. Willcots

SpaceTelesco Sciencelnstitute, Baltimore, USA, 9 March - 6 April 2000,work with dr. A.
Nota and dr. N. Panagia

SpaceTelescog Sciencelnstitute, Baltimore, USA, 3-29 April, 2001work with dr. A. Nota
and dr. N. Panagia

Tartu Obsenatory, Toravere, Estonia, 13-27 May, 2001, work with dr. T. Nugis.

N. Langer

Gettingen, Germarny, 19-21Jan 2000

Basel, Switzerland, 7-9 Feb 2000, work with Prof. O. Gerhard
Gettingen, Germary, 4-8 August 2001

G.H.J. van den Oord
Palo Alto California, USA, 2-10 March 1997, work with dr. C.J. Schrijver
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O.R. Pols:
Astronomy Group at Monash University (Melbourne, Australia) from 26 Nov 2001 until 10
Jan 2002, worked with J. Lattanzio and A. Karakas.

R.J. Rutten :

- Centrum for Astrophysics, Porto, Oct 18 { 25, 1997

- NASA Review Panel, Washington, Nov 11 { 15, 1997

- High Altitude Obsenatory, Boulder, Mar 27 { May 9, 1998

- Lockheed Solar and Astrophysics Lab, Palo Alto, Jul 31- Aug 22,1998
- Goddard SpaceFlight certer, Greerbelt, Oct 5{ 7, 1998

- Centrum for Astrophysics, Porto, Nov 15{ 22,1998

- Rutten, Krijger: High Altitude Obsenatory, Boulder, Apr 6 { Apr 19, 1999
- Royal Acadeny of Sciences Stockholm, Aug 28 { 31, 1999

- Dutch Open Telesco, La Palma, Oct 9 { 14, 1999

- Lockheed Solar and Astrophysics Lab, Palo Alto, Jun 11{ 17, 2000

- Institute for Tednology, Bandung, Jul 4 { 30, 2000

- Centrum for Astrophysics, Porto, Dec 10 { 15, 1998

- Kiepenheuerlnstitut, Freiburg, Apr 18{ 20, 2001

- Centrum for Astrophysics, Porto, Dec 9 { 14, 2001
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App endix |

Observing Campaigns

M.H. van Kerkwijk

(Co-I): \Pulsation mode identi cation and the structure of white dwarf stars,” Keck, Dec.
1998 (PI. Goldreich)

(Co-1): \Degenerate objects: pulsars, gamma-ray bursts,” Keck, Dec. 1998 (PI. Kulkarni)
(Co-I): \Primary distortion and neutron-star massin HD 77581/Vela X-1," 0.90Dutch on La
Silla, Musicos campaign Dec. 1998 (Pl. Kaper)

(Co-Il): \Sp ectroscoyy of the binary companionof the accreting millisecond pulsar SAX J1808.4 3658,"
ESO Very Large Telesco, Servicetime, 1999 (PI. Van der Klis)

(Co-I): \The optical counterpart of the soft gamma-ray repeater 1900+14," Hubble Space
Telesco Cycle 8, 1999 (PI. Kulkarni)

(Co-I): \Is the nearby isolated neutron star RX J0720.4 3125a magnetar?" Chandra cycle
1, 1999 (PI: Kulkarni)

(PI): \Sp ectroscopy of the surfaceof the isolated neutron star RX J1856.5 3754," ESO Very
Large Telescop, July 15, 1999

(P1): \Pulsation mode identi cation and the structure of white dwarf stars,” ESO Very Large
Telesco, Servicetime, 1999

(P1): \Pulsation mode identi cation and the structure of white dwarf stars,” ESO Very Large
Telesco, Servicetime, 1999

(P1): \The massiw binary pulsar 2303+46: An unexpected companion,” Hubble SpaceTele-
scope, 1999

(P): \The H nebula surrounding the isolated neutron star RX J1856.5 3754," ESO Very
Large Telescop, Servicetime, 2000

Orosz (PI): \High resolution spectroscoyy of the black hole binary 4U 1543 47," ESO Very
Large Telesco, May 2000

(P): \Is the Anomalous X-ray Pulsar 4U 0142+61 a Magnetar or an Accretor?” William
Hersthel Telescom with S-CAM (Super-conducting Tunnel Junction Detector), Sep. 29{30,
2000

(P1): \Optical counterparts of isolated neutron stars,” Hubble SpaceTelescog, 2001

(PI): \The nature of isolated neutron stars and the equation of state at supra-nuclear den-
sity,” XMM AO-1, 2001

In 't Zand (PI): \Lo calization and identi cation of the X-ray transient in NGC 6440," Chan-
dra X-ray Obsenatory, Director's discretionary time, Aug. 2001

(PI): \Optical identi cation of the transient X-ray sourcein NGC 6440," ESO New Tednol-
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ogy Telescop, Director's discretionary time, Aug. 2001

Orosz (PI): \T owards a very accurate massfor the millisecond pulsar PSR J1740 5340: trial
spectroscopy of its companion,” ESO Very Large Telescog, Director's discretionary time,
Sep.2001

Hulleman (PI): \What powersthe Anomalous X-ray Pulsar 4U 0142+61?" William Hersdel
Telescoe with Trid, Dec.10{12, 2001

R.J. Rutten

Swedish Vacuum Solar Telescoe, La Palma, Ca Il K Internetwork Grains. Jul 8 { Aug 4,
1996

Swedish Vacuum Solar Telescop, La Palma, Internetwork Dynamics with HAO/ASP, Sep3
{ Sep 13, 1996 Rutten, Krijger: Swedish Vacuum Solar Telesco, La Palma, Chromospheric
Dynamics (with HAO/ASP, SOHO/SUMER and TRACE), May 11{ 20, 1998

Verbun t
La Palma, Spain, 16-28 Dec, 1999
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App endix J

Invited Reviews at International
Conferences

A. Achterb erg

Particle Acceleration at Astrophysical Shocks, IAU Symposium No. 195, Bozeman, MT,
USA, July 6-10,1999

Particle Acceleration at Relativistic Shocks, Heidelberg -2000Symposium, June 26-30,2000

J.P. Goedblo ed

Magnetohydrodynamics: Fusion and astrophysical plasmasviewed from the sameangle, Sym-
posium on MHD in Toroidal Systems 11th General EPS Conference,Trendsin Physics, Lon-
don, 6{10 Septenber 1999

Magnetohydrodynamic Wavesin laboratory and astrophysical plasmas,Wavesin Dusty, So-
lar and Space Plasmas Leuven, 22{26 May 2000

Computational Magneto-Fluid Dynamics: Describing the plasma universe(and more), IFIP
Symposium on Computational Sciene, Amsterdam, 29 May 2001

Transonic Magnetohydrodynamic Flows in Laboratory and Astrophysical Plasmas, Interna-
tional Topical Conferenceon Plasma Physics: New Plasma Horizons, 3 Sept.{7 Sept 2001,
University of Algarve, Faro, Portugal, 3{7 Septenber 2001

M.H. van Kerkwijk

Neutron star massdeterminations, at the ESO workshop on Black holesin binaries and active
galactic nuclei, Garching, Sep.1999[Van Kerkwijk 2001]

Anomalous X-ray Pulsars, at the High Energy AstrophysicsDivision meeting 2000,Honolulu,
Nov. 2000[no proceedings]

Constraints on the equation of state of ultra-dense matter from obsenations of neutron stars,
at the Jan van Paradijs memorial symposium, Amsterdam, June 2001 [proceedingsin press]

H.J.G.L.M. Lamers

12 July 1996, The discovery of pre-main sequencestars in the Large Magellanic Cloud, Con-
ference,Paris, France

10 Sept 1996, Stellar Wind theories European Postdoc School, Brussels

12 Sept 1996, The theory of line driven stellar winds European Postdoc Sdhool, Brussels

95



9 October 1996, The atmospheresof LBVs near the Eddington limit Workshop on \Luminous
Blue Variables, stars in transition" Kona, Hawaii

12 June 1997, A new classi cation of B[e] stars, Conferenceon \B[e] stars", Paris, France
17 June 1997, Pulsations of Luminous Blue Variables, Conference\Half a certury of stellar
pulsation interpretations” Los Alamos, USA

23 Sept 1997, Obsenations and Diagnostics of Stellar Winds, Frendh/Canadian Workshop,
Strasshourg, France

20-250ct 1997,Masslossand stellar ewlution, Post-graduate course,Rio de Janeiro, Brasil
27 Novenber 1997, The most metal-poor stars in the Universe, masstransfer in post-AGB
stars, depletion of interstellar matter, the wind from Sirius and everything in between, Mu-
nich Seminar, ESO, Munich, BRD

6 March 1998, Pre-main sequencestars in the LMC ?, STScl, Baltimore, USA

7 May 1998, Pre-main sequencestarsin the LMC ?, Dutch Astronomers Conference Hooghalen,
Belgium

13 May 1998, Pre-main sequencestars in the LMC ?, Australis workshop, Leiden, NL

14 May 1998, Triggered star formation in M51, Australis workshop, Leiden, NL

15 May 1998, Nebulae around Luminous Blue Variables, Lunchpraatje, Utrecht, NL
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J.P. Goedblo ed
- Board of NCF (National Computing Facilities Foundation)
- Program Committee Computational ScienceNWO

R.H. Hammersc hlag
advisory member Operation Subcommittee of the International Sciertic Committee of the
Obsenatorio del Roque de los Muchachos

A.G. Hearn
- Board of Directors Astronomy & Astrophysics

M.H. van Kerkwijk

- European Southern Obsenatory, Garching, Observing Programs Committee, 1999-2002
- NWO ewaluation committee astronomy, 2000{2002

- NFRA telescope allocation time committee, 2000{2002

J. Kuijp ers
- Board ASTRON
- Board Solar Physics Section of the European Physical Scciety EPS

M. Kup erus

- chair District board Exact Sciencesof the NWO

- chair Cheaf (Center High Energy Astrophysics)

- chair section Physics and Astronomy of the KNAW

- chair Curatorium Physics Company Utrecht

- chair ACWB (General Committee SciencePolicy) of the University Utrecht
- vice presidert Board for Physics and Astronomy of the KNAW
- Committee Historiography KNAW

- Committee Public Record O ce Haarlem

- Committee foreign members KNAW

- Curatorium \The old obsenatory"

- Board Faculty Physicsand Astronomy Utrecht (vice dean)

99
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- ICSU committee KNAW
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for Sciences

NCA = NederlandsComite voor Astronomie (the Netherlands Committee on Astronomy)
NCF = National Computing Facilities Foundation
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App endix L

Computing Facilities

The computing facilities of the Astronomical Institute are managedby E.B.J. van der Zalm
and S.J. Hogeween.

Hardw are

Core of the astronomical institute’'s computing facilities are the HP/Compag/Digital 64-bit
Alpha workstations (seeTable L.1), which are clustered on the Faculty's Alpha sener, run by
the Faculty Computer Group, headedby Henk Mos. The Astronomical Institute recognizes
the many yearsof cooperation with and the servicesprovided by Mr. Mos and his group.
Astronomical software for the cluster of Alpha workstations is located on a dedicated sener,
run by the Institute. This sener has beenreplacedin 2001,to meet demandsby usersand
to accommalate state-of-the-art versionsof the software.

In the period from 1996to 2001,the remaining 32-bit Digital Ultrix workstations were phased
out, aswastheir sener, by the Faculty Computer Group.

For Microsoft Windows basedPCs, there has beena move from stand-alone Windows 3.1,
95, 98 and ME PCs, to MS Windows 2000 PC workstations clustered on a MS Windows
2000sener, run by the Faculty Computer Group. Windows 2000 workstations require user
authorisation, and software can only be installed by system administrators. This makesthe
Windows 2000 cluster more secureand manageablethan the stand-alone PCs.

The most recent dewvelopmert for our institute is the introduction of Linux workstations.
Linux is the version of the Unix operating system that runs on IBM compatible personal
computers. The Faculty Computer Group doesnot (yet) provide a Linux server. The Linux
stations are completely managedby E.B.J. van der Zalm and S.J. Hogeeen. Various options
to managethe cluster of Linux stations are being considered.

The introduction of Linux PCs is justied by the enormousincreasein computing power of
the IBM compatibles, due to CPU clock speedsof 1 GHz. In spite of the 32-bit architecture
of the Intel Pentium processorin thesecomputers, their computing power matchesthe early
64-bit Alpha-s. The Linux stations o er good computing power and high storage capacity at
a very competitiv e price.

For multimedia purposes,the hardware o ered by the Institute also comprises: 2 atb ed
scanners,1 slide scanner,1 colour printer, and one high volume 1 b/w printer.

Software

The software available to sta and students comprises: IDL licenses, compilers (Fortran,
C(++)), and astronomical software padkages,suc asIRAF, MIDAS, and AIPS.

Education
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Table L.1: Numbers of workstations.

Op erating system

Hardw are | Compaq Tru64? | Linux | MS Windows

64-bit Alpha 22 - -
32-bit PC - 13 12

&Compag Tru64 is the Unix variant from Hewlett-P ackard/Compag/Digital for 64-bit Alpha workstations.

Annually, an introductory course\Computing in Astronomy” is given for secondyear stu-
dents, in the framework of the laboratory exercisesfor secondyear students. The course
introducesstudents to the Unix operating system, the Fortran and IDL computer languages,
and to online information resources:literature and astronomical databases.

Online information resources

The astronomical institute recognizesthe cortinuing cooperation with the Faculty Library

regarding online information resources: electronic journals, preprints and bibliographical

databases.

Miscellaneous

E.B.J. van der Zalm is regularly involved in the developmert of software for the Dutch Open
Telesco, most notably the frame-grabber. S.J. Hogewenis web-master and editor of the
Institute's Web site.

Finances

The annual budget for computing facilities is approximately = 45,000.-. The budget allows
the astronomical institute to maintain the quality of its computer facilities at their current

level, and to nominally keeppacewith developmeris and trends in astronomical computing.
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